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Preface

With the enormouns volumes of researches that find place in science cach year, it
becomes rather difficult to sort out the meaningful and to present it in a comprehensive
manner., It needs constant cxamination of the new data. In the present work, all the
chapters have been written in the light of recent knowledge. The presentation of the
Vertebrate Practical Zoology follows essentially the pattern set earlier by the Invertebrate
Practical Zoology. It has been brought into line with recent studies in systematics and new
material supercedes the old pattern usvally seen in other books available on this subject.

Much emphasis has been laid on the drawings pertaining to their simplicity and clarity of
style.

In the very beginming practical use of microscope, general method of microscopic
preparations, preparation of fixatives, stains and other reagents and preparation of permanent
slides (mountings) have been dealt with. All the vertebrate museum specimens have been
kept in one chapter. Similarly, all the slides on histology have been arraged in one chapter
and those of embryclogy in another. In the end, chapters on Comparative Osteology and
Dissections have been specially designed for this work

The occasion for third edition of this book has given me an opportunity to 1mprove
on the work and to make certain additions which were suggested by friends and fellow
teachers. Approximately in every chapter the additions have been made, about 45 museum
specimens and 10 slides have been added. The illustrations of comparative osteology have
been simplified to make it more useful to the students. A chapter on Physiological
Experiments etc. has been given in the end to make the book complete in itself.

I express my sincere gratitude to Prof. R, L. KOTPAL, the celebrated author of the
well-known ZOOLOGY PHYLUM BOOKS for his invaluable guidance and assistance in
every sphere during the preparation and revision of this book.

I am very much grateful to the fellow teachers and students who have oblized me by
sending their valuable opinions and suggestions.

Zoology Depariment S. 5. LAL
Meerut College, Meerat.
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General Method of Microscopic Preparations

The processes by which the detailed
structure, both merphological and histological,
and physiological aspects of animals are known,
come under the domain of practical zoology.
For undergraduate students of Indian Univer-

sities the practical work pertaining to zoology
inclodes :

(1)
(2)
(3)
(4)
(3)
(6)
(7)

Microscopic preparations of slides,
Mountings.

Culture of animals.

Study of prepared slides.

Museum specimens.

Dissections.

Physiology.

(8) Biochemistry.

(9) Microbiclogy.

(10) Ecology, etc.

The larger specimens, such as prawn, pila
and cockroach, are preserved in preservatives
like formalin or aleohol for the study of their
external features and they do not need any
claborate process. Microscopic study may
be done by temporarly or permanently mounting
the organizsm on the slide. Temperary mounts
can be made in water, Glycerine or Ingol's
iodine solution, For example, living Cyelops,
Amaoeba, Pﬂ.l"ﬂma-'_-c:'um_, etc. are kept on the slide in
a drop of water and cover-slip is put over the
object and thus it can be examined under the
microscope. For clarity of structures of small
animals, m{cmnfganisms and histological
studies of tissues, an elaborate technique is
employed for making their permanent prepara-
tions. These smaller objects are mounted in
balsam on u slide. There is a series of processes
by which a living organism or its tissue is
made fit for microscopic examination in a
permanent state. The utility of permanent
preparation is that the animal cell or tissue
remains as such without undergoing major

changes. The permanent preparation includes
(1) Killing and narcotization.

(2) Fixing.

(3) Washing.

(4) Staining.

(3) De-staining or remaval of excess of stain.
(6} Dehydration or removal of water.

(7) Clearing or de-alcoholization.

(8) Mounting on slide,

(9) Labelling,

1. Killing & Narcotization

The first step in permanent preparation is
killing instantaneously in order to prevent the
change in form of the object as it had in living
condition and immediately fixing the ohject.
Sometimes killing 15 preceded by mareo rizarion.
The marcotics used are chloroform, menthol,
ether, alcohol and acetone chloroform, etc.
The purpose of narcotization and killing is
important as to have the same form anpd
chemically constructed tissue or organism as it
had during its lifetime. Tn certain cases, in
smaller animals, killing is done by heating, In
the case of the whole mounts and micro-

organisms, certain chemicals. like corrosive
sublimate, bring about killing and fixation
simultanecusly.

2. Fixing

Fixing is done with various fixative agents
for histological elements. Fixing is essential
in every type of microscopic preparations
either for sections or for whole mounts and
also in larger specimens. The function of
fixation is manifold.

(1) The tissues become hard and the hardening
resists further post-mortem changes.

(2) Fixative agent coapulates and renders
insoluble elements of tissues which are
dissolved in further processing.
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{3) The fixative agent renders insoluble the
various constituent clements of cells, alters
their refractive indices and thus makes

them optically differentiated under the
MICTOSCONE,

Various fixative agents geperally used are
absolute aleoliol, 90 per cent alcoliol plus
glycerine, picric acid, corrosive sublimate,
formol, osmium tetroxide and nitric acid with
or without water.

3. Washing

Washing is essential as by this process the
uncombined and excess of fixative agent is
removed. The presence of fixative agent in
tissues or cells will inhibit gpood staining,
The washing agent depends upon the type of
fixative agent used, As picric acid in water
is removed by water, picric acid in alcohol

is removed by 70 per cent alechol. Formol
and corrosive sublimate are washed with water
distillate, Sublimate is washed in alcohol.

4. Staining

The tissucs or cell components are stained
in various dyes. The dye makes the tissues
distinct in its histological sphere, The various
dves are Orange G., Bordeaux red, suodans,
congo red, Alizarine oxyquinoine, methylene
blue, neutral red, borax carmine, haematoxylin,
picro-indigo carmine, eosin, and Gower’s
carmine. Mainly two kinds of stains are used -
(1) Nuclear stains which stain nuclear parts of

the cell, such as Delafield’s or Erhlich’s
haematoxvlin.

(2) Cytoplasmic staing such as borax carmine,
picro-indigo carmine, Gower’s carmine and
eosin, ete. which stain cytoplasm.

For general staining borax carmine is used.
Aqueous stains are prepared in watler, whersas
alecoholic stains are prepared in aleohol,
When a single stain is used the process is
called as simple or single staining. In some
cascs two stains, i.e., nuclear and cytoplasmic
gare used and this proocess is called as double
sraining .

5. De-staining
The removal of excess of stain is called
as de-sjaining or differentfation,  De-staining

Practical Zoology : Vertebrate

agents-are acid alcohol or acid water. The
acid aleohol 13 used with alcoholic stains,
while acid water is used with agueous stains.

6. Dehydration

This process 1s meant for removal of water
from the tissues. The dechydration prevents
putrefaction or decaying and maintains the
same shape and size of tissues or cells, The
moeisture or water in tissues absorbs various
germs of destructive nature so that the tissue
may be destroyed, hence the necessity of
dehydration. Dehydration is done by passing
the mounting material through various grades
of alcohol, such as 30, 50, 70, 90 and 100
per cent alcohols, The tissue is soaked in
gradually increasing strengths of alechol. The
lower grades of alcohol, such as 30, 30 and
70 per cent aleohols, are prepared either
from S0 per cent or absolute alcohol. The
dehydration is carried out in corked or glass-
stoppered tubes,

T. De-alcoholization or Clearing

After dehydration, transparency in tissues
iz obtained by treating with a clearing agent
which removes alcohol and makes the tissue
clear and transparent. The clearing agents
are cedar wood oil, clove oil, xylol and benzol,
ete.  Xylol is most commonly employed and
it makes the tissues hard and brittle, Clove
oil iz a superior clearing agent specially in the
whole mounts. It also possesses a higher
index of refraction than balsam mounting

medija,

8. Mounting

Mounting forms the end of permanent pre-
paration. The choice of mounting media is not
much but they should have the same refractive
index as that of the cleared tissue, The
refractive index of such a stained, dehydrated
and cleared cell is N=1'54, Canada balsam
has filmost the same refractive index.
Mounting is an easy process. The tissue is
kept over glass slide in a drop of balsam and
cover-slip is lowered slightly. After mounting,
the slide may be kept for drying ina hot
chamber. The excess of balsam on the slide,
as generally happens with beginners, should be
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removed with cotton soaked with xylal or 90
per cent alcobol.  This should be done when
the balsam has dried. For much better finishing
the edge of the cover-glass may be ringed with
a4 cement such as gold size or a varnish. The
air bubbles present in balsam under cover-
glass should be removed by gentle heating.

During all the chemical bathing of tissues,
two changes of each reagent are necessary,
The time of keeping tissue in various reagents
may vary from 5 to 15 minutes.

9. Labelling

After mounting the slides are labelled.
Preferably use printed labels or make the labels
from ordinary paper. Write over the lable the

name of the animal or mount, date, time and
YOUT name.

. Chart for single staining
Fix the material

v
Wash in tap water

1
Diehydrate with

3D per cent aleohol

|
b 5

A} per cant aleohol

4

70 per cent nlcohal

|
b

atain in Borax carmine or
Eosin or Picro-indigo carmine

I

De-stain in scid aleohol

4

Wash with 70 per cent aleahol
¢

Dehvdrate with

90 per cent alcohal

1
by

1K Per ceat alcahaol
4

De-aleoholize o clear in
clove oil or x¥lal

Mount in canads balsam
Time 5-15 minutes in cach TSdgent,

Precautions and Instructions

- The articles, such as slides, cover-slips and

mstruments should be perfectly cleaned.
The working place should be kept in order.
During dehydration the tissues should
be kept in tightly-closed cork or glass-
stoppered tubes, The opened tube will
spoil material by absorbing meisture from
atmosphere. Even breathing closely with
dehydrating tube is undesirable.

The change of solution should be done
very quickly, reducing time of exposure to
ftmosphere to minimum,

The chemicals used once should not be
reutilized.

The canada balsam used should be clean,
dust-free and not viscous.

Il. Chart for double staining
In this, nuclesr and cytoplasmic stains are uwzed,

The former 15 uged fiest,

Fix the material
1

b

Wish in tap water

1

Stain in haematoxylin

¥

De-stain in acid water

*

Wash in tap water (bright blue colour)
}

Diehydrate with 30 per cent aleohnl
i

70 per cent alcohol

90 per cent alcohol

¥

Stain in Eosin

&
Wash with

Ll-per cent alcohol

'

100 per cent alcohol
*

Clear or de-aleohalize with xylol or elave ail

|
¥

Mount in canada balsam
Time 5-15 minutes in each reagent,
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Chapier

Preparation of Permanent Slides (Mountings)

Necessary instroction for the permanent
mountings and staining, etc.

(1) Study thoroughly about the structure which
is to be stained and mounted.

(2) Dissect the animal to take out structurel
to be mounted (e.g. neural complex of
Herdmania) and follow the method given in
Chapter [.

(3) After mounting, study and draw the slides
prepared by you with the help of the
Practical Book.

A. PROTOCHORDATES

[1] Amphioxus—Oral hood

Procedure—Take out oral hood, washin
water, stain in borax carmine, dehydrate and
mount in canada balsam.

Characters—(1) It is the anteriormost
structure containing 10-11 pairs of tentacles

cavity of
aral hood

|y oral cirfug

danticles

Fig. 2-1,

Amphioxus. Oral hood,

or cirri. (2) It leads into vestibule, which in
turn opens into pharynx through velum
(Fig. 2-1).

2] Amphioxus—Welum

Procedure—Dissect from ventral side. Velum
is found at the base of vestibule. Wash,
stain in borax carmine, dehydrate, clear and
mount. s

Characters—(1) Velum is composed of
velar ring, sphincters and about 12 backwardly
directed velar tentacles having sensory papillae
and cilia. (2) Velum forms a sieve-like
structure (Fig: 2-2).

velar ring

sphincrar

e .
||||||||||

ENniErocstome

velar centacles

sensory papiliae
Fig. 2-2. Amphioxus. Velum,

3] Amphioxus— Pharyngeal wall

Procedure— Cut portion of phaorynx, wash
in water, stain in borax carmine, dehydrate
and mount.

Characters—FPharynx contains gill-slits
supported hy skeletal rods. On the ventral
side of pharynx is endestyle and on the dorsal
side is epipharyngeal groove (Fig, 2-3),

[4] Herdmania—Neural complex

Procedure— Neural complex is embedded
in body wall in the middle of inter-siphonal
region. Take out neural complex by needles,



Preparation of Permanent Slides ( Mountings)

My siames

notochord

pharynges
wall outar

Fig. 2-3. Amphioxus. Pharyngeal wall.

wish, stain in borax carmine, dehydrate and
mount in canada balsam.

Characters—Neural complex is composed
of neural gland, nerve gland and dorsal
tubercle (Fig., 2-4).

[5] Herdmania—Spicules

Procedure—Take a piece of test, boil it in
KOH, decant, wash, dehydrate and mount in
canada balsam.

Characters—Three kinds of spicules are
scen in Herdmania, namely pipette-shaped,
megascleres and microscleres (Fig, 2-3).

[6] Herdmania—Pharyngeal wall

Procedure—Remove the test, cut a piece of
pharynx, bleach in chlorinated water so that
brownish walls become whitish, stain in borax
carmine, dehydrate and mount in canada
balsam.

prE-brum: il

Fig. 2-6, Herdmaniyg.

branchial aperture

I llrf—hil‘”__h_ :_:- |

[ d

o, duct of 1tha neural gland  nerve fibre

reural gland

nensg ganglion

Fig. 2-4. Herdmonia, Meural complex.

spherical
swelling

pipette-shaped
spicules

spindle-shaped
spicules

Fig..2-3. Herdmania. Spicules.
A —Pipelle shaped, B—Mepascieres,

sohinclEr

Pharyngeal wall.
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Characters—(1) The wall is perforated by
several pores or stigmata, through which water
passes into atrial cavity from branchial cavity.
{2) Internally the wall is raised into 9-10
broad, longitudinal folds, which originate from
posterior peripharyngeal ciliated bands up to
ouler margin of aesophagus, (3) The pharyngeal
wall is richly vascularistd and comprising of
internal longitudinal and external transverse
vessels. The number of stigmata is about
400,000 (Fig. 2-6).

[7] Salpa, Dolialum & Amphioxus

Generally these specimens are preserved
in 70 per ¢cnt alcohol. For permancnt whole
mount, wash them in 70 per cent alcohol, stain
in borax carmine, dehydrate and mount,

B. FISHES

[8] Scoliodon—Placoid scales

Procedure—Take a few small pieces of the
<kin of seoliodon and boil in 5-10 per cent
KOH solution in test tube till skin dissolves.
Cool and allow the scales to settle al bottom.
Decant KOM and wash the material in water
several times to remove KOH. Stain in borax
carmine or picro-indigo carmine, dehydrate,
clear and mount in balsam.

Characters—(1) Placoid scales or odontoids
are minute dermal denticles, closely arranged

frident spines

cpening of
pulp cavity

Fig. 2-7. Seoliodon. Plwcoid sonle.

Practical Zoology : Vertebrate

in regular oblique rows. (2) They form entire
exoskeleton of the shark and give a rough
appearance to the skin. (3) Each placoid
scale comprises of a diamond-shaped, basal
plate embedded in the skin and is derived from
dermis. (4) Anteriorly the scale has a fiat
trident spine projecting out of the skin
(Fig. 2-7).

[9] Scoliodon—Ampullae of Lorenzini

Procedure—Remove a piece of skin around
the snout and take out some tissue by forceps
and examine it under microscope for above
ampullae. Stain in borax carmine, dehydrate,
clear and mount in balsam.

Characters—(1) Ampullac of Lorenzini
are sensory and mucus-secreling Structures.
(2) Each ampulla is composed of a tube and
8-9 ampullary chambers consisting of receptor
and mucus-secreting gland cells.  (3) Receptor
cells are innervated by Tth cranial nerve

(Fig. 2-8).

extarnal
opening

tubula —

ampullary
SArCs

A&ryEes

Seoliodat,

Fig. 2-8. Ampulla of Lorenzini,



FPreparation of Permanent Slides {Mountings)

[10] Labee (Rohu)—Cycloid scale

Take one or two scales, Stain in  picro-
indigo carmine, dchydrate and mount in
balgam. Each scale consists of lines of growth
and nuclues.

[11] Nandus—Ctenoid scale

Make permanent mount like cyeloid scale,
Each scale comprises of several concentric lines
of growth, teeth or deaticles and nucleus.
Ctenoid scales are found in acanthopterygian

fishes.

[12] Lepidesteus—Rhomboid scale

Take one or two scales from the fish and
permanently mount like cycloid scale. Each
scale 13 more or less rectangular in shape,
having nucleus and lines of growth (Fig. 2-9).

fimgs of growith

Fig. 2.9, Lepldostens.

C. AMPHIBIA

[13] Frog—Blood
Procedure—Take blood from a freshly-

killed frog at the edge of a slide. Spread the
blood over the slide by the edge of another

slide in such a way that a blood film is formed.
Dry the blood film, wash, stain in haema-
toxylin and eosin, dehydrate, elear and mount,

Rhomboid scale.

polymerphonuciear  faucocyte
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Fig. 2-10. Frog. Rlood.

r 2

Characters—(1) Blood corpuscles of frog
are biconvex and nucleated. (2) In the slide
erythrocytes and leucocytes of different kinds
are secen (Fig, 2-10).

[14] Freg—Squamous epithelium

Procedure—Catch a frog and keep it iIn a
small trough containing water. The water
should be just to submerge the frog. After
some time, small epidermal cells will be seen
which are discarded by the frog. Take 10
flakes of epidermal cells, staim in: borax
carmine, dehvdrate, clear and mount.

Characters—Squamous epithelial cells are
thin, flat, polygonal and nucleated (Fig. 2-11).

Fig. 2-11, Frog. Squamous epithelium,

[15] Frag—Ciliated epithelium

Provedure—Superficially and gently scrap
the roof of the mouth of frog by a scalpel
and transfer the scraping over a slide or in a
test tube. Wash, stain in borax carmine,
dehvdrate, clear and mount in balsam.

Characters—(1) The ciliated cells are
usually columnar in shape. (2) The border
of free surface is lined by a bunch of fine
tapering vibratile cilia, which during life pro-
duce a current in the fluid which covers them
(Fig. 2-12).

[16] Frog—Columnar epithelial cells

Procedure—Take a small piece of the
intestine from & freshly-killed frog and keep
the intestine in a solution of one part of
methylated spirit and two parts of water for
nearly 24 hours. Cut the intestine longitudi-
nally and scrap the internal epithelial lining
by a fine and sharp scalpel. Keep the seraping
in a staining tube, Stain in borax carmine,
pehydrate, clear and mount in canada balsam.,
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Fig. 2-12. Frog. Ciliated epithelinm,

ppithalisl cells

......

Fig. 2-13. Frog. Columnar epithelium.

Characters—The endodermal  columnar
epithelial eells are tall, nucleated and granular
(Fig. 2-13).

[17] Frog—Striated or striped muscle

fibres

Procedure—Cut o small portion of thigh
muscle of a freshly-killed frog and fix the
muscle in corrosive sublimate for 5-10
minutes. Wash the tissue to Femoye fixative,
stain in borax carmine, dehydrate, clear and

Practical Zoology : Vertebrate

Fig. 2-14. Frog. Striped muscle fibres.
mount in canada balsam. Just before mount-
ing tease the individual muscle fibres with fine
neadles.

Characters—The striated muscle cell i
covered by a delicate membrane called as
sarcolemma and s multinucleated, The
muscle cell contains dark and light bands
(Fig. 2-14).

[18] Frog—Unstriated or non-striated

or unstriped muscle fibres

Procedure—Take a few fibres of urinary
bladder of & freshly-killed frog, fix in corrosive
sublimate, wash the fixative, stain in borax
carmine, dehydrate, clear, tease and mount in

canada balsam.
Characters—Each fibre is uninucleated and
without striations (Fig. 2-15).

119 Frog—Columella auris

It is associated with hearing, forming part
of middle ear. Itisa rod-shaped bone attached
with the t(ympanum. Find the tympanum
and cut around it, remove skin and muscles
from posterior part of skull, break prootic
bone from - dorsal side with scalpel or bone
cntter to expose the rod-like columella. lts
one end is attached with tympanum and other
end with the inner wall of cranium through a
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Fig. 2-16, Frog Columella auris.

..-'.. small rod. Break 1pe prootic boné till entire
T . il_ / columella i5 €Xpoied. Take oul the bone,
el EARAE £ debydrate and mount without staining or keep
ql Q‘ % 1n Wﬂ.tﬂhg]ﬂiﬂ in waler i_Fqu E—Iﬁ}-
: D. BIRDS

[20] Pigeen—Bload

The method’is same as that of fros8.

121] Pigeon—pPecten

Procedure—Digsect the eye to remove the
eye ball completely and divide it into two
halves. One half will contajn pecten at the
point of entry of the optic nerve. Take out
BF pecten, a brownish structure by forceps, stain,
dehydrate, clear and mount in canada balsam.

El‘:ﬁmﬂﬂ'ﬂ-— It is E‘Dmpﬂﬁeﬂ of wvert i':l'll,
Fig. 2-15. Frog. Unstriped muscle fibres. vascular and Pigmented plates (Fig- 2-17).

Aliary process virreays humous
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Fig. 2-17. Pigeon. Pecton,
A—Eye showing position of pecten R — Pecren magnified.
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Fig.2-18. Pigeon. Filoplume.

122} Pigeon—Columella

The procedure is same as in the case of
columella of frog.

[23] Pigeon—Filoplume

Procedure—Remove all feathers from pigeon
and then small hair-like filoplumes are Scell.
Pluck some of them, fix, stain, dehydrate and
mount in balsam.

Characters—It is composed of a hair-like
stem and reduced vane (Fig. 2-18).

E. MAMMALS

[24] Rat—Blood
Procedure is the same as in frog (Fig.2-19).

polymorghonuclear
laucocyis

nan-nucleated

erythrocytod Blood corpusles

Marcocy e
Hrihr

) q{h )
Fig. 2-19. Rat. Blood.
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chondrocytes

yellowe fibre

lacunae
Fig. 2-20. Cartilage in section.

[25] Cartilage—T.8S.

Procedure—Cut thin hand sections of some
cartilage like cranium of dogfish (scoliodon)
or cartilaginous caps of humerus and femur.
Fix the sections in corrosive sublimate for 2-3
minutes, wash with water, keep in 30, 50 and
70 per cent aleohols, stain in borax carmine,
dehydrate, clear and mount in balsam
(Fig. 2-20).

vzl Ly
sHERIN

fitire

adan

A
Fig. 2-21. Nerve fibres.
A—Medullated, B—Non-medullated.

[26] Mednllated—MNerve fibre

Procedure—Take a small portion of the
sciatic nerve of frog in normal saline (0° 7855
MNaCl), Tease it to separate small fibres, fix
i corrosive sublimate, wash in water, stain,
dehydrate and mount (Fig. 2-21 Al

[27] Non-medullated—MNerve fibre

Procedure—Take a  portion of the
sympathetic nerve fibre in normal saline, tease,
stain, dehydrate and mount in canada balsam.
It may be stained by double stain, i.e, first
stain in haematoxylin and then in ecosin (see
double staining process). (Fig. 2-21 B).




Chapter 3
Museum Specimens

Chordates have countless animals. Only a few amongst many are studied as type
specimens.  The larger amimals are preserved in formalin solution or in 90 per cent alcohol
and are kept in almost all museums of Zoology department. The following pages deal with
museum specimens of Phylum Hemichordata and Chordata.

A. MUSEUM SPECIMENS OF PHYLUM HEMICHORDATA
NATURAL HISTORY

Hemichordantes are small soft-bodied creatures, living singly or in groups on sandy and muddy sen
bottoms or in open sen water. The body and coclom nre divided into three regions with paired gill slits and
nervous tissue in both dorsal and ventral epidermis, Certain tissue ag an anterior projection from mouth eavity
wis formerly interpreted as a notachord and thus plaging this group with phylum Chordnta, Recent studies
cast doubt on such interpretation and the so-called earlier notochord is termed as boceal pouch. Now this
group is placed under independent phylum Hemichordata. Between hemichordates and chordates there are
resemiblunces in the phuryngeal pill slits and the eollur cord of the nervous syslem—its erigin froem dorsal
epidermis. The embryo and carly larvae of hemichordates and asteroid echinoderms are much alike in

ciliated bands, digestive tracts, form, derivation of anus from blastopore (deuterostome) and enterocoelons
coelom. The above feitures strongly suggest 3 common origin,

1. Balanoglossus
Classification :

P s s mnns Chordata =+ Dorsal tubulaied nerve cord, gill slits and notochond present,
Subphylum ... .. . Hemichordaln = Marine, solitary or colonial, enterocos|ops and coelomate animals.
[ B e Enteropoensta - Several gill slits present and intestine straight.

I e (i} Balanapfofsus—Acorin Worm.

(ii) Glossebalanus—Tonguz Worm.
(i) Soecoglorous.

Geographical disiribution—World-wide or cosmepolitan.

Habit and habitat—It is &4 marine animal, adapted for burrowing life in the sandy bottom.
The animal lives inside the U-tubes—tubicolons, Most of them live in shallow water but a

_few go decper up to 15,000 feet, They burrow slowly by soft proboseis,

Comments :

(1) Balanoglossus is commonly called as “Acorn Worm”,
(2) It measures 1.8 cm. to 2.5 meters.

(3) lll i;" a bilaterally symmetrical, triploblastic deuterostome with wormeshaped body,
divisible into three regions, anterior proboscis or prosoma, middie collar or mesosoma
and posterior trunk or metasoma.

(4) Proboscis is conical, collar funnel like, while trunk is cylindrical.

(5) Proboscis contains heart vesicle, central sinus and buccal diverticnlam. It has thick
muscular body wall and its cavity or coelom opens to the exterior by the proboscis
pore,

(6)

Collar contains the mouth and collar coelom which onen :
s by a pair of colla
dorsal surface, P yap I pores on
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Fig. 3-1. Ralanoglossns. Fig. 3-2. Belamoglossus in its tube.

(7) Trunk region contains most of the internal organs, such as pharynx, gomads or hepﬂt.il:
region. Pharynx and gonads eonstitute branchiogenital region, posterior most part in

abdomen. .
(8) The branchiogenital region is composed of (a) genital wings having gonads and
{b) bramchial region containing paired gill slits.
(9) Alimentation complete and circulatory system usually contains contraciile sac or heart.
(10) Sexmal dimorphism. Fertilization external and development includes tornaria larva,
It possesses power of regencration.
Specinl feature—Balanoglossus and illicd forms have phylogenetic importance. Certain tissue in the
form of anterior projection from the mouth cavily was formerly interpreted as a notochord and thug placing

this group within the Phylum Chordata, Recent studics show such structure mainly as buccal pouch and now
the hemichordates are not included with ihe chordates but as & separate phylum Hemichordata,

Identification—Short proboscis, gill slits and collar.

B ——
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2. Saccoglossus

The classification, distribution
and habits and habitat are same as those
of Bulancelossus, It can be distinguished
from Balanoglossus by having much
clongated proboscis, Saccoglossis is
specially found in  New Zealand,
Australia, Indo-Pacific and Atlantic
coasts and North America,

Tdentification—Long pointed
proboscis. gl pores /

proboscs

! s1alk
L collar

branehizl rogion

higpalic cagcae et alral rdge

3. Rhabdopleura

Fig: 3-3. Saccogle  is.
A—Worm in its burrow.

Classification B—Worm taken out of its burrow.
PIYTE . can e a5 Chordata - Dorsal tubulated nerve cord, gill slits and notechord present.
Subplylum....... Hemichordata — Marine eoterococlons coelomate, solitary or colonial,
C1ass.eueeses .o Plerobranchia - Small hemichordates with cased body.

[ [ Rhabdopleurida—s Colonial forms with organic continuity and without gill slits.
TVpe. v ennonr - Rbnhdaplenra.

Geographical distribution—It is mainly foun d in southern hemisphere especially reported from
Norway and Ireland coasts.

FHabit and habitat—I{ is 2 marine and colonial hemichordate, found 5-50 meters. The colony
iz formed on huard substratum and also ‘n association with mollusc shells, bryozoans and
tunicates.
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Fig. 3-4. Rhkabdapleura, A—A part of colony. B—Magnified zooid.
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Comments :

(1} The colony consists of zooids enclosed into erect tubes which are much more elongated
than zooids. i

(2) The tube is of creeping nature and is called as coenoecium which is secreted and formed
by the animal.

(3) FEach zooid is composed of stalk, trunk sac, oral lamella, pigment strip, cephalic shield, 1
arms and tentacles, |

(4) There is a lophophore wit't one pair of arms, one gonad, but without gill slits.
(3) Alimentary canal is U-shaped,

(6) Most of the zooids are sterile, but male and female specimens may be observed.
(7) Sexesunited. Development includes a free-swimming larva.

{8) The zooids are formed by budding. '

Speciul feature—Riahdopleura is a eolonial hemichordate with organic continuily between individuals
that are produced hy asexual budding from one individual.

Identification—Coniinuous colony with peculiar shape of zooids.

e T I R T e

4. Cephafodiscus

Classification :
Pliplum..........Chordata —» Dprgal tubulated perve chord, gill slits and notochord present.
Subphyvium. . Hemichordata — Marine enlerocoelons coglomale, solitary or colonial.
Clasi.. .. .......Fterobranchia  — Small hemichordates with encascd body.

Crder e veee o Cephalodiscida - Colonies with gill slits and {entaculated arms.
T¥pe.i. o ennias Cephalodiscus.

cephalic shield

Fig. 3.5, Cephalodiseus, A—a part of colony  B=One zooid magnilicd,
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Geographical distribution—Cephalodiscus is found in antarctic and sub-antarctic regions and
restricted to archibenthal and sub-littoral zones. [t has been reported from India. Japan,
Sweden, Borneo, Malaysia Archipelago and Pacific Ocean.

Habit and habitat—It is a marine colonial animal, found at a depth of 50 to 650 meters.
Comments ;

(1) The colony of Cephalodiscus is composed of several unconnected animals, or zooids,
which are enclosed in 8 common case known as coenoecium.

(2] Zooids are microscopic and differentiated into protosome or cephalic shield, mesosome
or collar and trunk.

(3} The protosome is shield-shaped and continuous with collar, which bears two groups of
bilaterally arranged arms which contain tentacles,

(4) The trunk is divided into anterior sacciform part, containing alimentation and genital
organs and posterior slender adhesive stalk,

(3) Digestive tube is U-shaped.
(6) Breeding seasonal, sexes saparate.

Special fenture— Zooids or individuals separate but pggregated inlo & common housing.

B. MUSEUM SPECIMENS OF PHYLUM CHORDATA

NATURAL HISTORY

Phylum Chordata (Gr. chorda=string) comprises TUNICATES, LANCELETS and VERTEBRATES,
The latter includes lnmpreys, sharks, ravs, bony fishes, amphibians, reptites, birds and mammals,  All chordotes
are bilaterally symmetrical, with 3 germ layers, a segmented body, complete alimentation and well-developed
coclom. Three oulstanding characters distinguish them from rest of the animals—a dorsal tubular nerve cord,
notochord und gill slits in pharynx. Chordate remains bave not been found in Cambrinn rocks. The fiest
vertebrate groups are groups of Silerian and Ordoviclan ime. Thenceforth veriebrates are common and often
became dominant elements in the record of animals showing progressive serles of developments towards living
types. Amphibians probably evolved from crossopterygian fishes in Devoniun rocks. Reptiles appeared ‘o
Permian and became dominant in Mesozoic era.  Birds appeared in upper Jurassic and mammals originated
from reptiles in the Triassic period. Phylum Chordata includes a varicty of animals, most of them being
yery economically important, on which animal products industry is dependent such as leather, wool and animal
protein. Phylom Chordata has been broadly divided into 3 sub phyla—

(A) Subphyluom —Urechordata (Tunicates),

(B} Subphylum—Cephalochordata { Amphiozus).

(C) Subphylum—Vertehreates (lampreys, fishes, amphibians, reptiles, birds and mammals).

SUBPHYLUM UROCHORDATA
NATURAL HISTORY

The urochordales are commonly known as req squirfy, Theadults do pot have notochord and the
body is covered with the test containing franchial and atrial openings. Tunicates inhabit sea from polar oceans

o the tropics, mostly in shallow shore water, but some upto depths of 3 miles, Some are free-living, others
after a short free-life attach to rocks, shells wharf-piling or ship bulls. They vary in size from microscopic to
B fool in diameter, Variously coloured forms are found. They have about 2000 species, of which 100 are
Ft'“ﬂilu. Reprodiction 18 sexual or asexpal. The group name refers to the self-secreted “lonic” or saclike
Covering over the body. The best known tunicates are sea sguirts or nscidians.
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QOutline Classification of Tunicates

Urochordata is divided into three classes.

Phylum. ccoeeniinsnsie Chordata

Subpyiim. e Urochordata

Class .. cconeemcansess Ascidiacen

Order 1. i EIICTOR0NA [
Types— Claveling, Aicidia, Ciora, elo.

Oreder 2. . ociaiaizeis Pleurogona . |

Trpes— Botrpllus, Herdmania, Molgula, elc,
Clas B ceseeeeans T HANEOCED

Grder i i Pyrosomaltoida
Type-—Fyroiomd. |
(IEAEr 2oensreresnssees Doliolida |
Type— Doliofun.
OFPdEr 3oienismvasniass Salpida
Type=Salpa.
(i 7R e e e Larvocen

Order.,.cossesmeneCopelata
Types— Qikopleura, Tectillaria, ete.

5. Ascidia |

Classification :
slite and notochord present

PRy nines Chordata + Darsal tubulated nerve card, gill -
Subphylunt.....Urochordata — Marine. Test containing tunicin and chordate characters only found inlan
A T T Ascilincea = Mirine, solitary or colonial, bottom-dwelling specimens.

(I FdEF.aeer veaes EICETOEONR - =+ Meural gland veniral o nerve cord. 4
THpE ceneesdaCiaia., I

Genpgraphical distribution—A scidia s

commonly found in cold temperate branchial -aperture dorsal tubercle

rEgions.
Hahit and habitat—Ascidia is a solitary, norve LINg
marine and sedentary urochordate |
tentacies

inhabiting shallow water but some
accur down to 2,900 fathoms.

Comments
(1) Ascidians are commonly called
a5 Sed squirts. Intestine

(2) The shape of the body is short
and cvlindrical with a broad base ad
attached to rocky substratuom. Es

(3) The test is translucent, wrinkled
and brownish in colour.

(43 Anteriorly body contuins eight-
lobed terminal branchial siphon
and sub-terminal six-lobed atrial
siphon, Mounth and cloaca pre base or foot
found in branchial and atrial
siphons respectively. Mouth is
surrounded by 30-100 tentacles. Ascidia partly dissected to show internal anilom

pharynx

andoityle

stomach
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(5)
(6)
(7)
(8)
(2)

(10)

Branchial siphon leads into pharynx which is perforated by stigmata.

Dorsal tubercle is separated from the nerve ganglion and dorsal lamina is membranous,
Stomach with smooth wall and left side of pharynx is occupied by bent pharynx,
Excretory organs are renal vesicles. Anus is double lipped.

Monoecious. Ovary, testes in the same animal. Reproduction sexual, Metamorphosis
Tetrogressive.

Oviparous,

Special fenture—There are some compound ascidians in which individuals ere butied in a common

test, The dovelopment includes tailed larva exhibiting typical chordate eharacters having notochord and nerve
card, etc. Kownlewsky (1886) carefully studied ihe development of larval ascidians and brilliantly demonstrated
true position of the group among chordates. Compound ascidizns reproduce asexuvally by gemmation ard also
produce eggs and sperms for sexual reproduction.

Identification—By lobed siphons.

6. Ciona

Classification -

Fhyluim. ... Chordata

=+ T2orsal tubulated nerve cord, gifl slits and notochord present,

Subphylum.. Urochordata -» Marine. Test con taining tunicin and chordate characters only found i larva.
Class..........Ascidincea s Marine, solitary or colonial, bottom-dwelling specimens.

Criefar... i Enteroponn -+ MNeural gland ventral to oerve cord,
T A Clona
: th
Geographical distribution— Ciona  is com- ‘anular museles He bi?"nﬂ-ll."
monly found in western sea waters. = P
: . anglion TRy hE
Habit and habitat—It is a solitary and e mneY" AR
; - = AT tentacles
sedentary animal found in shallow waters Ly i .
attached with rocks, i s
Comments : ,_% W pharyhx
(1) Animal resembles with Herdmania L W=7
and measures 9-12 cm. in length. o |
: : E L h N %
(2} Body of the animal is cylindrical, At siphon | L 1—endostyle
tubular, transparent and longer than darsal laming L] =
L Wl 4T
hI&adﬂ].‘ . ganithl pores 141 | tengitudinal
(3) It contains 8-lobed branchial opening - H musiny
and 6-lobed atrial opening anteriorly, anus 1 j‘..-?lf‘ :
(4) Body is covered by u transparent e = R |E
test and through the test thick longi- ganital duct e
" ] S =XVEH ] b—— ten
tudinal muscle bands can be seen. i — - }
(3) The alimentation is complete U-shaped == ]
e aeiophagud |.r oy
and consists of pharynx, oesophagus, N ——
stomach and intestine and it lies in 2 Pl | intestine
the epicardial cavity. The different S L i %
parts of gut oceupy the same topo- = gonad
graphical parts as that in Herdmania. paticardium =
The gill slits are rectangular. The ” mantle

dorsal tubercle is horseshoe shaped.
Intestine contains typhlosole. Running

ebormiach

Fig., 3-7. Ciona,
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parallel with the endostyle are right and left ciliated bands which continue posteriorly
as retropharyngeal bands,

(6) The gonads lie in the loop of intestine. Owary is compact and testis branched.
Longitudinal muscle bands are clearly seen.

Special feature— Clona is hermaphroditic and protogynous. The blood of Ciora 15 rich in a greén.
pigment, called as haemovanadin, containing vanadium produced by vanadocytes. The pigment probably does
nol take part in oxygen transport, Clona fnrestinglis is common species.

Identification—B8y thick longitudingl muscle bands.

7. Herdmania

Classification :

FPhydoam. ... Chordati + Dorsal tubulated nerve cord, gill slits and notochord present.

Subphwiam,. Urochordata = Marine, test containing tunicin and chordate characters are anly found in larva.
Clags.....cans. Ascidiacens — Maring, solitary or colonial, bottom-dwelling animals.

Doy Enterogona —» Body undivided and neural gland dorsal 1o nerve cord,

Ty¥oe. ccnvwen Herdmania.

Geographical distribution—Different species of Herdmania (Rhabdocynthia) are widely
distributed in the Pacific, Atlantic and Caribbean seas, besides Indian Ocean.

Habit and habitat— Herdmania is solitary, sedentary and sometimes living as commensal in
association with gastropod shell, specially over Xancus pyruns (Shankh) and Nancus
angularus (Conchj.

Comments :
P A AMTERIOR DORSAL
(1) Herdmania is commonly called
as Monoascidian or Sea H-ll]l-ﬁl"L branchial aperture acrlal aperturs

(2) Herdmania is more or less like a
purse or a large oval potaio,
measuring 65 to 11'8 cm. in
length and 5°2 to 69 cm. in
breadth.

(3) Body is dark brown, reddish
brown, vellowish brown in colour
and regionated into body proper
and foot.

(4) The foot is large, dirty, rough,
leathery and with a number of :
foreign objects. It forms one-  VENTRAL .
third of the body.

(5) Body is enclosed in a thick,
tough and supporting transparent
test, Test or tunic is in the form
of thick translucent protective
investment meant for respiration
and reception of stimuli. It is
compased of polysaccharide,
called as tunicin and protein. Fig. 3-8, Herdmania,

2 POSTERIOR
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(6) Without cutting the animal open at the free end, body is drawn to form 15 cm. long
branchial or incurrent siphon and 1°0 ¢m. long atrial or excurrent siphon. The incurrent
opening or mouth is laterally placed, while the excurrent opening is directed npwards.

{(7) Body proper lies within test. After removing the test, body is oriented by the intestinal
loop. Thick longitudinal and circular muscles are found around siphons. On left side
are stomach, loop of intestine, left lobe of liver and left gonad. On right side, besides
liver and gonad, there is a thin tubular pericardium and a knob-like neural complex.

(8) Herdmania is hermaphroditic and protogynous.

(9) Fertilization external. The development includes a fully formed larva called as
ascidian tadpole larva. It contains all the chordate characters i.e. notochord and nerve
chord, etc.

(10) Metamorphosis is retrogressive.

Special feature— Herdmania in adult form is devoid of any chordate characters. It chordate features
are exhibited only by its tadpole larva. Herdmania has also o peculiar symmetry, branchial aperture marks
in anterior end and opposite end is the posterior end.  The otrial aperture indicates dorsal side and the area

diagonally opposed to it represents ventril side. Such abnormal symmetry Is brought about by metamcrphosing
larva into sedentary adult,

Identification— By siphons and symmetry.

8. Pyrosoma

Classification :

Phylum... ....Chordata -+ Dorsal tubulated nerve cord, gill slits and notochord present.,
Subplpfum,. Urochordata - Marine, test containing tunicin and chordate characters are only found in larva.

Class,.coeen, Thalincen -+ Free-living, pelagic, solitary or colonial. Budding and alternation of genera-
Hions CoOmmon,

Order......o..Pyeosomatida - Colonial forms, having zooids like ascidia.
Type.liiia Fyrosema,

Geographical distribution—Pyrosoma is distributed in tropical and subtropical regions,

Habit and habitat—FPyrosoma is pelagic, marine, colonial and bicluminescent urochordate,
found at a depth of 300 meters. A few forms are abyssal.

Comments :

{1) Itisa thimble-shaped hypopleustonic colony measuring 2°5 cms. to 1 meter in length
and consists of several individuals, called as blastozooids, embedded 1n & common
test,

(2) Branchial and atrial openings are at opposite ends,

(3) The branchial openings or mouths of individuals or zooids open to the outside, while
atria open into a common cloaca with a terminal outlet, from which a continuous jet
CIErges.

(4) The colony maoves by a jet propulsion.

(5) Each zooid consists of a large branchial sac with endostyle and dorsal lamina, neural
complex, heart and atrium,
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buceal appendage
rentaclas
¥ branchial
test proceiies  yuscle fibres aperture
luminous organ rest
dorzal tubarcle i ectoderm
nerve endoderm
ganglion s

< endostyle

darsal = =
lamina S S22 branchial

fac

rrass of
mesodermal
celle

:|r.|grr.=|!l

oesophagus

stamach

mirial
| muscles
terminal
opening anis acrial aperture cloaca
A B

Fig. 3-9. Pyprosoma. A—Colony. B—A single zooid.

(6) Branchial sac contains 50 gill slits divided by internal longitudinal bars. Endnaj‘.:rlt
communicates with peripharyngeal band, retropharyngeal band and dorsal lamina.
Intestine makes a loop around stomach and ends into atrium,. Heart is ventral, Lobed
testis is found behind ovary.

(7} Close to the mouth of each zooid arises a tongue-like process of the test, called A%
buceal appendage.

(8) Hermaphroditic. Reproduction sexual and asexual.

(@) A single fertilized egg develops within blastozooid and gives rise _lu asexual nﬂzﬂﬂlliﬂd-
Oozooid gives stolon that forms 4 ascidiozooids or tetrazooid which degenerates an
gives risc to cyathozooid. The latter is enclosed in a test and by repeated h"—fddmg
forms a colony,

(10) Asexually colony multiplies the number of zooids by direct stolon budding, producing
blastozooids. _

Special featuré— The most guistanding characteristic of the creature is the shining of powerful light

without heat, a phenomenon called as bioluminescence. Animal produces light on stimulation and when all

“colonies produce light, the entire area iz illuminated and one can read books. The light is produced by

T biolumincscent cells, which eontain curved inclusions. According to some, these bioluminescent cells contain

luminescent eymbiotic bacteria. However, in any case, light is emitted by the chemical interaction between 1Wo

compounds, lnciferin and lueifernse, in the presence of moisture.

Identification— By apposite branchial and atrial siphons with thimble-shaped colony and
buccal appendage.
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8. Doliolum
Classification 2

Fal 3y [T S Chordata  — Dorsal tubulated nerve cord, gill slits and notochord present.

Subphylunt.......Urochordata — Marine, test containing tunicin and chordate characters are only found
in larvi.

[ ] e R Thaliacea  — Free-living, pelagic, solitary or colonial, Budding and alternation of
gencrations common,

Order. ... Doliolida - Complete ring of muscle bands or cyclomyaria present.

Ii:FE' ............... Pafioluren,

Geographical distribution— Doliolum is distributed in tropical and subtropical surface water,
Habit and habitat— Dolialum is a marine, pelagic, free-living and solitary tunicate swimming
by forcing water out of atrium after each powerful muscle contraction,
Comments :
(1) Daoliolunt is commonly called as chain tunicate., It measures 1-1°5 cm.
(2) It shows polymorphism. It exists in two phases : (a) gonorzooid or solitary phase, and
(b) oozooid or gregaria phase.
(3) Owzooids—These exhibit the following characters :

I. Fully grown oozooid has a barrel-shaped transparent body with large mouth or
bramchial and atrial apertures,

II. The edges of the above lobes contain sensory lobes—10 on branchial and 12 on
atrial side.

Ill, There are 9 complete muscle bands.
IV. Mouth leads into pharynx with a few stigmata, It has ventral endostyle,
retropharyngeal and peripharyngeal bands.
V. Dorsal lamina absent.
VI. Viscera consists of oesophagus, stomach, intestine, digestive gland, heart and neunral

complex.,
nerve ganglion sflgmata visceral nerve cost
peripharyngeal mantle
pand
mscle
bands
branchial
aparture
atrial
pharynx opening
test
mantle

endastyle

testis  oQvary  Intestine

heart stomach

Fig. 3-10. Doliofum,
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VII. Mid-pharynx has sensory otocyst.

VIil. Oozooids reproduce asexually by stolon budding. FPharynx gives a ventral stolon
from where pro-buds arize which reach upfo cadaphore and dorsal stolon. Edch
pro-bud divides to form definitive buds which are arranged on cadaphore in 2 lateral
and 2 median rows. They reorganize into 3 kinds of zooids :

(a) Gastrozooids—with gill slits for feeding.
(b) Phorozooids—with muscle bands for propelling.
{c) Gomozooids are reproductive sexually. The last 2 detach and set free
Gonozooids develop gonads and carcy out reproduction,
(4) The gonozooid can be differentiated from oozooid in having 12 and 10 sensory lobes in

branchial and atrial openings, & muscle bands, cadaphore and otocyst absent and with
testis and ovary.

Ep!l:ial I'Eall:l'!—ﬂulln]ul‘l'l i!. rﬁ."l'l:l'l.'lrll‘l": '_un'lmtnl_ Thﬂ dnv:lUpmcnt inl:h.l.l:it.‘:'i. l.:lil{'d ]ﬂf‘ﬂ: Whl-l:h
melamorphoses inlo oozooids,

Identification— By muscle bands numbers.

10. Salpa

Classification =

Plhylum.........Chordata - Dorsal tobulated merve cord,

gill slits and notochord present, chyial
Fubphylim.... Urochordata - Marine, test containing tunicin B

puscles
and echordate _characiers: are

ooly found in larva. .-‘.'

branchial aperture darsal rubercle

ngrve
G5 uvrrsieen Lhatlincea == Free-living, pelagic, solitary or ganglion
colonial, Budding and alterna-
tion of generations comman. _endostyle
(R TR A Salpida — Pelagic. Incomplete  muscle usche
hamds, Bands
L R = Salper, il
Geographical distribution—5alpa 15 commonly found in "
tropical waters. sealon
Habit and habitat—Salpians are highly modified and visgeral
peculiar tunicates, living in open sea with specialized i
reproduction. They are found on surface and down mantly
to depths of 200 meters.
_ ! acrlal
Comments fp———= wﬂﬂ
(1) The body of the animal is cask-shaped, measuring ";—_f-;ﬁﬁ e
1-5 cm. in lenpgth and covered by a thick test. f;\ flcer
(2) Salpa also exhibits polymorphism and it exists in :;E Gk

two phases—(a) ocozonid or asexual phase, and chaln o
(b) blastozooid or sexnal phase or aggregate type, -L buds
The two phases are very much alike, but oorooids et procesitl
are smaller 1 size and having lesser number of

muscle bands, Sexually produced Salpa is called _ | :

as solitary type or ovzooid, while alternate genera- RiEEH s

fion prnduced by hudding i5 called as aggregale type or blastorooid,
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(3}

(4)
(5)

(6)

(7)
(5)

()

(10)

The typical oozooid consists of branchial and atrial openings at opposite ends, A
ciliated funnel is present on dorsal side. Nepve ganglion, sub-neural gland ,,f;“sal
lamina and pharynx which has endostyle, peripharyngeal and Tt!'ll'l}pl]lrf“rleni1 hands
and single pair of gill slits. 2

The pigmented eyes have been reported in most of the forms,

The oesophagus, stomach, intestine and gonad constitute a compact mass along the
postero-ventral side which is called as nuclens. Muscle bands incomplete,

A stolon originates from ventral side and it carries endostylic and mesenchymal
extensions. The stolon produces buds or blastozooids,

Rlastozooid is a sexual phase, having paired testes and a single ovary,

Blastozooid is protogynous and the fertilization is internal, The ovum gives rise to a
single oozooid.

The free oozoid is larger and bigger in size but remains sexless. The stolon in it ErOWS
out as a long rope between heart and endostyle.

About 50 to many =zooids are formed. These zooids develop gonads and become
blastozooids,

Special feature—Sexual and asexual generations alternate.  The important character of the animal ja

locomotion by propelling mechanism in which active muscle bands contract and inturned water f= ciecied,

Identification—By incomplete muscle bands,

11. Oikopleura

Classification :

Phylumt, . ... Chordata - Dorsal tubulated nerve cord, gill slits and notochord present,
Subphylum.. Urochordata = Marine, test containing tunicin and chordate characiers. are ooly found in larva.

Clapr:, . i Thalincen - Free-living, pelagie, solitary or colonjal, Budding mod altermation of
generitions common,

Order. ... Larvacen s Minute neotenous tunicates.

TypE Ckoplenra.

Geographical distribution—Qikoplenra is widely distributed in open sca.
Habit and habitat—Oikopleura lives in upper levels of the sea and swims by contractions of the

bent tail. Some are brilliantly pigmented (coloured) with orange or violet and when
abundant, may colour the water, [t is a neotenous and planktonic tunicate.

Comments :
(1) Gikoplenra is minute, microscopic and larva-like in appearance with a persistent

(1)

(3}

(4)
{3)

notochord measuring about 2 mm.

The animal lives in a *"house” made by secretion from a special part of the skin, called
as aikoplastic epithelinm.

The body narrows towards mouth and expands posteriorly dorsoventrally. The
caudal appendages have undergone torsion of 90°,

The tail is a broad structure. which rests at an angle to the rest of the body.

The movement of the tail prodaces water current. The food particles are filtered by
an elaborate arrangement in the house. The water enters into house by a pair of

posterior filtering windows and is passed through filter pipes in front of mouth, Minute
flagellates are sucked by mouth,
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stigmata
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intesking
nerva in tall

r=i] ganglion rail fin
Fip. 3-12. Qikoplenra.

(6) Dorsal lamina and tentacles are absent.

{7) Mouth leads into alimentation comprising of pharynx, oe
intestine, Pharynx has gill slits opening to outside, peripharyngeal ban

geal band and endostyle.
(8) Protandrously hermaphroditic. T
(9) Internal space filled by haemocoelomic lacunae having blood circu

heart.
Tail has notochord, merve cord, broad fin and 7-12 striped muscle cells.

_The general structural organization resembles with a typical ascidian tadpolc and it

can he very safely concluded that these forms have arisen from tunicates by the accelerition ef the pale of
development of alimentation and reproductive systems, so that the metamorphosis and the aduolt slage 316

omitted and it shows phenomenon of neoleny or pacdomorphosis.

Identification—By test and fail,
c. MUSEUM SPECIMENS OF CEPHALOCHOR DATA

sophagus, stomach and
d, retropharyn-

estes two, kidney shaped. Left testis encloses ovary.
lation by a transparent

(10)

Special featnre:

Cephalo-

includes first chordate, rather generalized chordate.
Costa

Cephalochordata
foxus lanceolatus, Yarrel (1836).

chordata includes a sipgle specimen, called as Amph
(1834) gave the name Branchiostoma.

72 Branchiostoma Lanceolatum or Amphioxus lLanceolatus

distribution—Widely distributed in temperate and tropical seacoasls.

Geographical
from Chesapeake Bay to Florida and B. californiensis from

Branchiosioma virginga OCcours
San Diego Bay southward,
Habit and habitat—Amphioxus burrows in clean shifting and shallow shore waters leaving

only its anterior end protruded. At times, animal ecmerges to swim by rapid lateral

movements of the body.
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natachard darsal fin rays darsal fin myotomes caudal fin

wentral fin

4 ::f 'r" lll.. \
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Fig. 3-13,  Amphioxis in side view.

Comments :

(1} The adult specimen 15 less than 5 em. long and has typically fish-like structural set
up. The cxternal characters are oriented mainly towards feeding and locomotion.
Amphioxus 15 commonly called as lancelet.

(2) The body is clongated, flattened and non-pigmented and pointed at both ends as
the name implies. Anterior end projects forwards as the rostrum.

(3) Dorsal, ventral and caudal fies are Jow and continuous. There are 2 lateral fins or
metapleural folds.

(4) The moutities ventrzl and is guarded by oral hood containing oral cirri.

(5) Atriopore is median and ventral. Anus on left side.

(6) Myolomes are arranged on both sides of the body as metamerical blocks of striated
muscle fibres separated by V-shaped partitions called as myosepta or myocommata,
(7) Gonads 26 pairs, metamerically arranged on pharynx.

(8) Pharynx is voluminous. It has gill slits, endostyle, epipharyngeal groove and

peripharyngeal bands.

(9) WNotochord is an axial skeletal extending from anterior to posterior end. Nerve cord
lies just above the notochord.

Special feature—Although eyes, nase, ears, jaws and appendoges are completely absent, but dmphioxus
is of speciul zoological intercst, because it shows three dislinctive characters of the phylum Chordata in simple

form i.e., presence of notochord, nerve cord and gill slits. Tt is co: sidered fo resemble some ancient ancestor
of the phylom Chordati.

Identification— By oral fiood and shape of the body.

D. MUSEUM SPECIMENS OF CYCLOSTOMATA
MATURAL HISTORY

The cyclostomes are madern fish-like animals, which seem to be the descendants of old fauna.
They are primitive forms without jaws (Agnathe) and lateral appendages. The name Cyclostomala pertains to
the cireular mouth {epkas=circular) steme=mouth), It inclodes two groups of partial parasies—

{a) Lampreys which attach to the body of fishes.

(b) Hagfishes which bore inlo the bodies of fishes and live o the interior until the carcass loses the
entire flesh,
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13. Petromyzon

nasal spertura first dorsal fin second dorsal fin caudal fin

e e e St
e T P e L i

cloach

buccal funnel  :external gill apertures A

nasal aperture first dorsal fin second dorsal fin caudal fin

........

bireeal funnel

external gill apertures B copulatory papilla

Fig. 3-14, Perromyzon, A—Female. B—Male.

Classification :

Phylpmtse Chordata = Dorsal tubulated nerve cord, gill slitzs and notochord present.

Subphylum......Vertebrata  — Delinitive head, cranium, sense organs, closed circulation, red blaad, coms=
{Craniata) plex brain, heart of minimum 2 chambers and vertebral column presents

Superelass. oo, Agnatha — Jaws and paired appendages absent.

Classeee..cior-...Cyclostomata -+ Mouth circular, suckiog without jaws. DBrain simple. -

a7 701 T Petromyzontia - One or two dorsal fins present, nasopharyngeal pouch blind and gills

apen independently to exterior and into respiratory tube internally.
Gills 7 pairs. Branchial basket well developed.

Peiromyzon marinus { Lampetra fuviarilis).

Geographical distribution— Petromyzon marinus is found in  world-wide sea waters, coastal
regions, streams and lakes of North America, Furope, West Africa, Australia, Chile, Japan,
New Zealand and Tasmania.

Habit and habitat— Petromyzon 15 found both in salt and fresh water, They lead EEEDI‘JHTEEEH“
life on other fishes, attaching to the body of fish by buccal funnel and gecreting
anticoagulant for continuous flow of blood. They are also anadromons i.e. ascending river

for spawning. Carnivorous.

Comments :

(1)

(2)
(2)

(4)
(3)

Petromyzon is commonly called as lamprey. The body is eecl-like, mecasuring about
o0 cm.

Skin is without scales, slimy, green, brown and with strong metallic Iustre.

The body is differentiated into head, trunk and tail with 2 dorsal and 1 caodal fin.
Head contains mouth but no jaws.

Mouth is surrounded by a large, ventral, suctorial fannel with numerous horny teeth.
The ‘tongoe’ is toothed and piston-like.

Nasal sac dorsal, is unconnected to mouth, and pineal body is present behind nasal
opening, Paired eyes are large and functional. 2 small median eyes namely pineal
and parietal are also present.
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(6)

Gill slits are 7 pairs and branchial basket is well developed.

(7) Sexes arc scparate. Female with large anal fin. Male with urinogenital papilla.

(&)

Economic importance :

(a) Lampreys have very little food value.

(b} They injure and destroy fishes by sucking blood and causing secondary infection.
(¢) Larval Lampreys are used as bait for sport fishing and commercial fishing.

Special feature— Lampreys and Haglishes are the lowest jawless vertehrates and their pearest allies are

the ancient ostracoderms of Silurian and Devonian periods. There are no fossil representatives of this group 1o
indicate their course of evolution.

14. Myxine Glutinosa

Classification :

Phylem s Chordata

Subphylu........ Vertehrata Characters of cach same as those of Petromyzon.

auperclask. ... Apnitha

[ ' & 4 B Al Cyclostomuta

(i Myxinoidea —» Mouth termingl, with 8 tentacles, Munnci absent, gills 10-14 pairs and
branchizl basket feebly developed.

i o T Myxine

Geographical distribution—2Afyxine is abundantly distributed along seacoast of the Atlantic
and Pacific oceans and found in North European, North Atlantic, American and Japanese
sea walers.

Habit and habitat—Hagfishes or Myxine sometimes descend 10 a depth of 300 fathoms. They
are purely marine and are buried in the muddy bottom.

Comments :

(1)
(2)

(3)
(%)
(3)
(6)

{7)

rentacles external gill apercure MUCOUS pares anus caudzl fim

Myxine 15 commonly called as hagfish.

The body is soft without scales, worm-like, measuring about 60 cm. in length and is
differentiated into head, trunk and tail.

Anterior extremity contains barbels or tentacles on head.

The mouth is terminal and surrounded by lips. Buccal funnels and jaws are absent.
There is a single dorsal fin which extends upto caudal fin.

Eyes vestigial. Due to dark and bottom dwelling habit, photoreceptor organ
is reduced.

10-14 pairs of gills open into a branchial chamber, which opens to the exterior by
a single branchial opening.

:inﬂle

Fig. .15, Myxine.
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(B) Hagfishes secrete enormous mucus through mucous pores.
(9) They are hermaphroditic and protandrous,
(10} Economic importance :
(a) Hagfishes damage fish caught in nets.

(b} Sometimes hagfishes enter into the body of other fishes and eat entire soft part,

leaving only a bag of skin and the bones.

Special feature—In hagfishes same individunl produces sperms and then eggs later on. Development
is direct. The hagfishes are injurioos to fish industry. They are important from evolution point of view, The
evolution of jawed vertebrates from agnathans could be hypothesized as the latter needed only jaws. Although
no direct link js available (o understand evolution of Gnathostomes, but some armoured agnathan might have
served as an ancestor to the jawed vertebrates.

Identification— By the absence of buccal funnel and presence of barbs in the head.

i5. Bdelfostoma

Classification -
Phylum............ Chordata
Subplodum.. ... Vericbrata h z
el Kiiitha Cheracters of each same as those of Petromyzon.
Elagys Cyelostomata
Order,..... L Myxinoiden —» Mouth terminal, with B tentacles, funnel absent, gills 10-14 pairs and
branchial basket feebly developed.
e coea Hdellocioma,

Geographical distribation : Bdellostoma is distributed in the Pacific coasts of North and South
America, South Africa and New Zealand.

Habit and habitat : Rdellostoma is found buried in mud and sand during day; otherwise it is
nocturnal feeder and cctoparasitic and highly adapted for sucking.
Commenty -

(1) Bdellostoma is commonly called as hagfish.

(2) Body is elongated, soft, cel-like and without scales.

(3) Teeth are well developed, Jaws are completely absent.

(4) Eyes are rudimentary, skin sensory. [Eight sensory tentacles are found around mouth.
Single nostril is very close to the mouth,

(3) Single pineal eve present at the top of the head.

(6) The pills are modified into pouches which are 6-14 in number and they open
inde pendently,

(7} Entire body contains double rows of mucous glands,
(8) The bload is isosomatic with sea water.

Eentacles externs! pill apertures pharynzocutanaous diuce MILCOUE POras T caudal fin

Fig, 3-16. HBdellosfoma.
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(9) The egg is yolky with partial cleavage leading to the formation of an embryo perched
on a mass of yolk,

{10} It is hermaphroditic and protandrous,

Special feature—It has the game phylopepetic importiance as that of Mezine.

E. MUSEUM SPECIMENS OF FISHES
NATURAL HISTORY

Although several kinds ol aquatic animals are called as fishes, such as jelly-fish or starfish, but the
word * fish™ applies to the first aquoatic verfechrates. The Ichthyology indicates scientific study of fishes. The
common name f[igh has been derived from & Latin word Plsces.

The fishes are characlerized by having paired fing and frue jows, presence of scales, gills, cald blood,
mecsonephros and lateral line. Skeleton may be cartileginous or bony. Most sharks and ravs are marine,
but o few live in tropical rivers above sall water. Sharks live in open water, aod rays onm the botiom. The
fishes are predaceous, active swimmers and feed on small fishes. Sharks and rays are used as human food
in many couniries.  Shark liver contains much oil rich in witamin A. In [0, 8. AL, in 1960, about 30,000
gillons of oil valued at 340,000 was obtained from sharks. Sharks are also i puisance 10 fishermen, because
they tear nets and stoal caplured fishes. Large sharks may capsize small boats and injure or kill fishermen.
The following outline classification gives a synoptic picture of fshes.

Outline Classification
Pl oovian Chordata
Subplylum,.... Yerichrota
Superclass.....Gnathostomata

Clazs fevve-.. . Placodermi—Extinet fishes,

rder T Acanthodil., Ex —Climaring, Acantfrodes.

reder 2i0ien Arthrodira, Ex.— Coccosiens,

Order 3. cAntiarchii, Ex—FPredlehirhyadas,

ﬂrde.r e E‘tﬂﬂnielﬂfhii_ E};_—-Gﬂnmtﬂdfnu.

i e Elasmobranchi or Chondrichthyes.—Cartilaginous fishes.

Subclass- I.....Seclachi. Ex,—5harks and rays

Order 100000 Squali or Pleorotremata Ex.—Sharks, Scoliodon, Musielus, Sphyrna, Stcposroma, Sepilisim,
Phineodon, Squarting and Chifoseyilinm,

e 2o Batoidn or Hypotremata. Ex.—Rays. Pristis, Rhimobarus, Rala, Torpedo, Trygon {Dasyalis),

Urcbatiz, Aetobatus and Mypliobatis,
Snbhelasy 2. Brachyvodonti —Devonian and Recent.
Drder I...ooo..Eubrachyodonti—Extinct fishes.
Order 2,........Holocephall. Ex —Chimaera and Callorfiynelus,
5 ' e A P Osteichthyes—Bony fishes,
Subclass 1......Palacoptorygii—Ancicnt fishes,
Order I.........Archistia, Bx.—Platysomer.
B f Cladistin, Ex,—alypierus.
Order 3. Chondrostel.
Family I........Polyodontidne, Ex.—Paddle fish, Polyodon, Spatinla,

Pamblye 2 n i Acipenceridue, Ex.—Siurgeon, Acipenser,

Subclasy 2...... Actinoplerygi or Neopterygi or Teleostomi,
Supervrder I Holostei. Ex. —Bony Ganoids.

Order e oo Amiilormes of Amioide or Protospondyli. Ex.—Amia,
G Er Lepidostciformes. Ex.— Lepidosicir,

Superorder 2., Telenstei, Ex.— Bony fishes proper.

Oreder [.........[1s0spondyli. Ex —Herring, Salmo, Trout, Tarpon, Clupea and Sardinops.

e Haplomi. Ex,—Pikesand Mud minnows, Esox lecius.

Order 3........0stariophys. Ex.-—Characius, Eleciric ecls, Suckers, Minnows und Catfishes. Notoprerys,

Eleciraphorns, Cyprinus, Barbus, Arins, Clarivs, Wallago, Catla,
Heteroprentys,
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Order 3 a......Ophiocephaliformes or Hiocephalos.

Order 4,........Apodes. (Apguilliformes). Ex.—Eels. Muracna | Anguilla, Amphipnous, eic.

Order 5.........Synenfognathi.  (Beloniformes). Ex.—Flying fishes. Exococtns, Belone, Cypsefirus,

Scomberesox and Anobas.

Order 6.........Soleniensthye. (Syngnathiformes). Ex.—Pipe-fishes and Sea-horses.  Hemirhamphns,
Xenantedon, S yaenathis, Hippocampus, Fistularia,

Order 7........Percomorphi., (Perciformes or Acanthopterygi). Ex —Perches. flwro, Lepomis and
Feomber.

Orifer &, ........Heterostomata, (Pleuronectiformes). Ex —Flathshes, Pleprowectiis, Hippoglossus & Achirus.

Ordér 9........ Plectopnathi. Ex —Ostraction, Diodon | Tetradon, Mola mola and Fleragter.,

Order J0.....Discocephali. (Echeiniformes). Ex.—S3ucker-fishes. Echeneis or Remora,

Order 11...... Pediculatl. Ex.—Angler fishes. Lophins, Anfennarius,

Chraler) T2, Malaco,

Subclass 3......Choanichihyes.

Superorder [ Dipnol—Lung fishes.

Clrdder [0 Lepldosireniformes, Ex.—Lepidosiren, Profoplers.,

Oraler 2., Ceratodiformes, Ex.—MNeoceratodus, Epiceratadies, Ceralfodis.

Order 3.........Rhipidistla, Ex.— Osieolopis.

Chrader 4.0 .. Coelacanthinl. Ex.—Eusihengpieran, Macrepoma and Larimeria chalumnae.

16. Scofiodon

Classification ;
Bl o Chordata —= Dorzal tubiilited nerve cord, notochord and gill slits prezent.
Subphylum aiees ... Yertehrata —» Internal skeleton of cartilage or bone (both in some); spinal cord
forming main axis and composed of overlapping veriebrog.
Mervous system dorsal to digestive tract, complex brain. Two
paics of appendages and red blood.
Superelass......-o......Gaathestomata - Jaws and paired appendages present.
VG55 vranansnioneranss oo Blnsmobranchi - Endoskeleton caitilaginous. Placoid scales in most of specimens.
or Chopdriclithyes Notochord rudimentary. Spiral valve in  intestine, ope reula
absent in most of fish over gills, Marine and males with claspers.

A TAO CETE 4344w w b bt Selachi - Sharks and rays. Gills.in separate clefts. Cloaca present.

Order. v isnsemassbrarni oAl —» (plenro=sides; rrema=opening).  Gill slits lateral, pectoral fins
or Pleurotrom it never enlarged.

SRR Scyllidae -+ Asterospondylus.  First dorsal fin without spine.

iy | T e, Sealicdon (Dopfsh}.

Geographical distribution—Scoliodon has wide distribution., About 4 species are found
in Indian sea, all along the Indian coast. [ts presence has been reported from
Zanzibar, Ceylon to Malay Archipelago, East Indies, Philippine islands, Mexico to
Panama, Cuba, West Indies and South America. Lower Carboniferous to Recent.

Habit and habitat (Natural history}—The natural home of Scolioden is the sea, but some live
in ¢stuarics and even ascend the rivers. They are voracious feeders among schools of
fishes. They are predaceous and attack their prey with powerful jaws. They are active
sWimmers,

Commenis :

(1) Scofiodon is commonly called as dog fish or dog shark.
(2) It measures about 60 cm. in length,
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(3)
(4

(3)

{G)

(7}

(8)
(9)

(10)

caudal pig secend dorsal fin lazeral line e
e

caudal fin il

head

Eill :rg[t_s
I-5

vancral fin

Fig. 3-17. Scoliadon in 1aleral view.

The body is regionated into head, trunk and tail and is spindle-shaped,

The dorsal and lateral sides of the body are pigmented dark grey or slaty grey. while
the ventral side is white.

The head is dorsoventrally compressed and flattened into snout. It contajy. ventrally
situated slit-like mouth, obliquely situated nostrils and laterally situateq proruberant
eves. A little behind eyes there are five pairs of lateral gill clefts,

The trunk region contains fins. There are (i) median unpaired fins, 5.4 (ii) lateral
paired fins, The median unpaired fins are (a) large first dorsal fin, (b) small second
dorsal fin, and (c) ventral fin. The paired fins include a pair of anterioy pectoral fins
and a pair of pelvic fins.

Tail contains mainly musculature, vertebral column. Tail is  turpeg upwards
posteriorly.  Tail is heterocercal.

A pair of pigmented lateral lines extends from head to tail.

Seoliodon exhibits sexual dimorphism. -Males are easily recognized by having a pair
of intromittent organs, called as claspers.

Cloaca is found between 2 pelvic fins.

Economic importance :

(1) Seoliodon has great experimental value because of its availability and gize,

(2) It has edible value: it forms a favourite dissection in fishes for undergraduate
students.

Special featore {Dogfish and Man)—Sharks are used as hwnan food in many countries, Shark's fins

are dried and then boiled to vield a gelatinous substance favoured for soups.  The tanned shark skin shagreen
is used to case fine books, jewel boxes and sword handles, etc. Sharks are a nuisance to fishermen, because
they tear nets, steal captured fishes and take bait or fish from hooks.

Identification— By pointed snout and raised tail and familiar shape.

17. Chiloseyllium

cln:qsiﬂmti-:m 3

Plisluni. oo ianinns Cliordata -+ Dorsal tubulated nerve cord, notochord and glil slits present.
Sulpliylum.... ... Yertebrita —»  Internal skeleton of cartilage or bone (hoth in some): spinal cord

forming main axis and composed of overlapping vertebrae. Mervous

system dorsal to digestive tract, complex brain. Two pairs of
appendages and red blood,

Euperclass. i, Gnathostomata - Jaws and paired appendages present,
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exil secend derial i

firsr dorial fin
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Fig.-3-18. Chiloscyfiium.,

Class..covmnvennee.Elasmobranchi or - Endoskeleton carfilgginous, placoid scales in most specimens,

Chondrichthyes Natochord rudimentary, Spiral walve inintestine, opercula absenl
in most of the fishes over gills. Marine and males with claspers.
SUEerclars . iives Selachi = Sharks and rays. Gills in separate clefs, Cloaca present,
Erder e eane. oS quuli or = (plewrosside; fremasopening).  Gill slits lateral, pectoral fing never
Plegrotremata enlarged,
Family.............Scyllidae =% Asterospondyius. First dorsal fin without spine.
) - S Rl ek Chilogeyilium (Dogfish).

Geographical distribution—Chiloseyllium is abundantly distributed in temperate and tropical
sea water. It ranges from Cape of Good Hope to Indian Ocean, Australia, China and
Japan. Lower Carboniferons to Recent.

Habit and habitat—Chiloseyliium is a marine shark, found at a depth of about 400 fathoms,

Comments :

(1) Chiloseyllium iz commonly called as true dogfish.

(2) Itis a fish of moderate size. Body is laterally compressed and differentiated into head,
trunk and fail.

(3) Body surface is mottled with grey and white bands.
(4) Head is produced into a snout,

It contains lateral eyes without nictitating membrane,
ventral mouth and nostrils.

(5) The median fin consists of two dorsal fins deveid of spines. The first dorsal fin and
second dorsal fin are found behind pelvic and anal fins, respectively.

{(6) Tail is very slightly turned upwards.

(7) The spiracles are present behind the eyes.

(8) The month contains small teeth provided with median cusps.

(2) It is sexwally dimorphic. Males have claspers which act as intromittent organ,
(10} Fertilization internal. Uterns contains 3-7 developing embryos,
(11}

It 1s oviparous. The epp case is large, quadrate and provided with tendrils for
attachment,

Lol i"“'ﬂ' feature—This dogfish is also very important to fishcries as its liver containg much il rich in
Hamin &,

Identification—By grey and white Fands.
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718. Stegostoma

Classification :

Py, . e nn s Chorduiy — Doreel tubulated nerve cord, notochord and gill slits present.

Subolylim .. iervas Vertebrata = Intermal skeleton of cartilage or bane (both in some); spinal cord
forming main axis and composed of overlapping wveriebras,
Mervous system dorsal to digestive tract, complex brain, two pairs
af appendages and red blood.

Sieperelass. . ... g 3 Guathostomata =+ Jaws and paired appendages present.

R oA S e R Elnzmobranchi = Endozkeleton cartilaginous, placoid scales in most specimens,

or Chondrichthyes  Notochord rudimentary, Spiral valve in intestine, opercula absent

in most of the fishes over gills, Marine and males with claspars.

Sabclass. i Selachi ~+ Sharks and rays. Gills ip separate cleflts.  Cloaca present,

5ot | e e e iy Squali or - (plenro=sides; frema=opening). Gill slits Jateral, pectoral fns
Plearotrematia never enfarged.

Family.,coveneees ceees o Seyllidae -+ Asterospondylus, First dorsal fin without spine.

e s Sregostoma (Tiger shark).

Geographical distribution—Stegosroma is abundantly found in the Indian Ocean. Lower
Carboniferous to Recent.

Habit and habitat—Sregostoma is found in open water. It is active swimmer and predaceous.
It feeds on crabs, fishes and turtles, ete.

Comments :

(1} Stegostoma is commonly called as Tiger shark and Zebra shark because of the handsome
and brilliant colouration of dark stripes over yellow ground.
(2) The coloured stripes of anterior region are very distinet.
{3) It measures 3-5 meters in total length.
(4) Snout reduced, head is broad and thick upper lip contains a pair of small barbels.
(5) Body is elongated, laterally compressed and regionated into head, trunk and tail,
{6) Head contains transverse ventral mouth under the surface of the head.
{7) Eyes are lateral and without nictitating membrane,
{8) Spiracles are distinct structures present just behind the eye.
(9) Gill slits 5 pairs in lateral position.
(10) Tail heterocercal,
(11} Asterospondylus, dorsal fin without spine and first dorsal fin above or behind pelvie
fins, anal fin present.

Specinl feature—Tiger shark is viviptrons. It is olso a nuisance to fsheries becruse it destrovs small
fishes. Zebra shark iz famous for its brilliant colouration and ferocious attack.

teral line

Al

casidal fin

anal fim

P&l vie fig Fn:tﬂra.] L

Fig 3-18. Sregosfoma,
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19. Sphyrna

Classification :

Piylam.......oe.. .Chordata Dorsal tubalated nerve cord, notochord and gill slits present.

.

Subphylum....... Vertebraia _» Internal skeleton of cartilige or bone (both in some); spinal cord
forming main azis and composed of overlapping veriebrae. ?-u:rlmus
systern dorsal to digestive tract, complex brain. Two pans of
appendages and red blood,

Superelass........ Gnathastoma -+ Jaws and paired appendages present \

CTaEs . iuee et Elasmobranchi - Endoskeleton cartilaginous, placoid scales in most specimens, Moto-

of Chondrichthyes chord rudimentary.  Spiral valve in intestine, opercula absent in most
fish over gills, Marine and males with claspers.

Subclass . ... Sclachi - Sharks apd rays. Gills in separate ¢lefts, Cloaca present.

Olpdep oo ds i Squali or 5 (plewro—=sides ; trema—opening). Gill slits lateral, pectoral fins

Pleurotremata never enlarged,
oo T 7L S Scyllidae = Asterospondylus,  First dorsal fin without spine.
F A e Sphyrna (Hammer-headed shark).

Geographical distribution—Sphyrna is found in all tropical and subtropical sea waters and the
Pacific Ocean. Lower Carboniferous to Recent.

Habit and habitat—Sphyrna or Zygaena or Reniceps is common marine fish, adapted for deep
sea waters. It isa voracious feeder and active swimmer. It eats small fishes, but because
of its attacks on man, it is dreaded as man-eater.

Comments :

(1) Sphyraa is commonly called as bammer-headed shark, measuring about 4-5 meters in
total length.

{2) The name hammer-headed shark is given duoe to the hammer-shaped head, which is
produced into two prominent lateral lobes, The lateral lobes are supported by
corresponding cartilaginous outgrowths from post-orbital or lateral ethmoidal regions
of skull.

(3) The eyes are placed at the distal extremities of the lateral lobes. Eyes contain nictitating
membrane,

{4) The body is elongated and regionated into head, trunk and tail.

caudal ba

A
pectoryl fin palvle fin anal fin

Fig. 3-20,  Spfipraia.
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(5) Two dorsal fins; the first fin situated in front of pelvic fin and second opposite the
anal fin. Dorsal fins are devoid of spines.

(6) Mouth is crescentic and ventral in position.

(7) Spiracles are absent and nostrils lie at the basc of lateral lobes.

{8) Gill slits 5 pairs and lateral in position.

{9) Vertebrate asterospondylus.

(10) The dorsal side is greyish, while ventral side is whitish. Common species are
8. zygaena, 5. blochii and 8. fiburo, etc.
Special feature—Hammer-headed fishes measuring 11-12 feet are very dangerous to mankind., Their
attack is very forceful. Sphyroais viviparous and produces about 40 young. It is also captured for its oil.

Identification—By hammer-headed head.

20. Torpedo

Classification :

PRYINI, o ocaeereaninns Choardata = Darsal fubulated nerve cord. Notochord and gill slits  present.
Subpfplirm...covovee... Vertebrata = Internal skeleton of cartilape or bone, Spinal cord forming main
axis and composed of overlapping vertebrae. Nervous system
dorsal to alimentation, complex brain, red blood and two pairs of

appendages. :

Superclaisico-nan Gnathostomata — Jaws and paired appendages presont,

T e e B Elasmobranchi —» Endoskeleton  cartilaginous, placoid scales in most specimens.

or Chondrlehibyes Maotochord rudimentary, spiral valve in infestines, opercola abeapt

in: most of fshes over pills.  Marine and males with claspers.

Subelasgieess: v ininee--Selachi -+ Sharks and rays, gills in separate clefls, cloac) pregent.

o T Batoiden —+ Skates and rays, gill slie 5, opening ventrally, spiracle presant,
dorzal fin oo tail, if present and verlebrie tectospondyioos.

iy T S Torpidinidae —3 Trunkin the form of 8 broad and smooth disk, containg eleciric
DrEANS.

Ty e e Tarpedo (Electric Ray).

Geographical distribution—Torpedo has been reported from the Mediterranean, Atlantic and
Indian oceans, Red Sea, Pacific Ocean, East Indics, Tasmania, China, Japan, South Africa,
North and South Americas as well as Australia, Upper Jurassic to Recent.

Habit and habitat—Torpedo is a marine fish, found on flat, sandy or muddy bottom at a
depth of 40-50 fathoms. It is carnivorous,

Comments :
(1) Torpedo or Astrape 15 commonly known as Electric ray.
{(2) The fish measures 60-90 cm. across the widest part of the disk and the whole body

has brown background which is ornamented with beautiful irregularly shaped, magenta-
coloured spirals and spots. Body is regionated into anterior semicircular disk and

posterior tail,

{(3) The disk is supported by endoskeleton, The semicircular region is supported by
branched prenasal rostrum and laterally by branched pre-orbital cartilages. The
branches radiate towards periphery.

(4) Disk is bordered by pectoral fins,

(53 The skin is smooth, non-tuberculate and without scales.
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(6)
(7)
(8)

(9)
(10}

fins and head.
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Fig. 3-21. Torpedo,
Electric tay partially dissected to show the electric argan and its nerve supply on the left side.

Eyes and spiracles are closely placed above electric organs.
Mouth is transverse and ventrally situated.
Tail is thick and short with two dorsal fins, a caudal fin and two lateral folds of skin.

The pelvic fins are just beneath the lower marpin of the pectoral fin.
Gills ventral.

Dorsal surface contains a pair of large electric organs on either side between head and
pectoral fin.

Special leatures—i(I) Tﬂr‘,l-:il-:n’a containg a pair of large electric organs between marginag of pectoral
(Z) Each electric organ is composed of hexagonal cells called as electroplaxes which are

filled with Jellvalike fluid and arranged vertically like prisms between upper and lower surfaces. Upper surface
corresponds (o anode and lower surface with the eathode. Thus, eleetric current of 50 (o 60 volts passes from
upper positive to lower negative surface. After fish has discharged clectricity, soma rest is required for further

discharge. There are offensive and defensive organs and fishermen get electricshocks from captured electric rays.

Identification— By fused pecioral girdle and 2 bulging electric organs.
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21. Pristis

Classification :

Fall 1Ly Ty s s Chordata "]
Suhp i e iois., ons Vertehrata |
) i o 8 L R Gaathostomaia
Characters same as those of Torpedo.
L e s A Elnsmobranchi r E
11 T b R i e Selachi
o L L e N e Batoiden
F e | Pristidae = Snout elongated and saw-like.
P v e T Pristiz {Saw-fish)

Geopraphical distribution—Pris{is is found in tropical and subtropical regions. Indian form
ascends beyond tidal zones, It s reported from America, Gulf of Mexico, lower
Mississippi, the Mediterranean sea and Atlantic waters. Upper Jurassic to Recent.

Habit and habitat—Pristis 1s warm water marine type. It is predaceouns, feeding on small
fishes and other marine animals, The saw-fishes feed in shallow water on small fishes,
which they slash with their saws.

Comments :
{1} Pristfs is commonly called as saw-fish,
(2) The body is clongated, shark like, slightly depressed and measuring about 3-6 meters
in total length. It is divided into head trunk and tail.

(3) Head contains a pair of eyes and a pair of spiracles behind the eyes. Water passes
through the spiracles and goes out through the gill slits.

(4) Head is anteriorly produced into a saw-like rostrum,

{5) Mouth is on the ventral side of the head.
(6] Tail is well developed and ends in o heterocercal caudal fin.

(7) The dorsal fins are large., First dorsal fin is epposite to pelvic fin.

Special fentores— (1) The importent strocture is **‘saw-like'" snout, which is formed by the elongation
of head and skull. They are flattened in the ferm of a costrom, which contains a series of strong footh-like 16-32
pairs of denticles on the lateral marging. (2) The teeth are fixed in sockets, in the caleified rostral cartilage.
{3) The rostrom acts as organ of offence and defence, (4) Pristiz is capable of retaining wrea in freshwator
while ascending In rivers. (3) The fish Iz also very cconomically beneficial as its liver ofl is rich in vitamin valoe
and its skin for making scale boards. Viviparous, ‘

Identification—By saw-like roothed srout,

Poead grunk darsg! lin adiposg fin

.......
-----

eye  pactoral fin : pelvic fin caudal fin

Fig. 3=2ZX Pristis.
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22. Rhinobatus

Classification :

F I T PR Chordata

Eﬂ'lb.hh}'!m!ﬂ ------------- vtﬂﬁhrﬂu

SHPErelars i vnanens +..Gnathostomata Characters same 28 in the case of Torpedo.
] R e R Elasmobranchi I

SUPETEEF 2 v ovinsrstin smrns Selachi i

S T R S Batoldea _I ; .

Bl ol o, Pristidae —» Body sub-rhombic, without clectric organs.
TFPE n s crnvnrsversmnnes- RIinobatus (Guitar fish).

Geographical distribution— Rhinobarus has
been reported from west coast of Africa,
Indian Ocean, Australia, China, Atlantic
and Pacific coasts of America a:;Ed
Galapagos and mostly distributed in
tropical and subtropical seas, Upper
Jurassic to Recent.

Habit and habitat—Rhinobaius is a bottom
dweller.

Comments =

eye

(1) Rhinohatus is commonly called as
Guitar fish, due 1o its guitar-like
shape.

(2) The sub-rhombic head tapers into
triangular snout.

(3) The pectoral fins are greatly expanded
along the head and trunk and
copsequently body assumes sub-
rhombic shape,

{(4) The entire back contains median row
of minute denticles.

(5) The head and body are dorsoventrally
compressed.

pelvic fin

(6) Head contains a pair of eyes and a
pair of spiracles closely placed to eyes.

(7} Gill slits 5 pairs, ventrally situated, Fig. 3-23. Rhblnobatus.
(%)

of skin on each side without serrated caudal spine,
(3) The pectoral fin does nol centinue upto snout,
{103 Electric organs are absent,

rostrum

gplr;rj:

spines

dorsal fins

Tail is elongated and strong with two dorsal fins, a caudal fin and a longitudinal fold

Speeial feature—The fish exists from Upper Jurassic,  The complete skeleton of Rhinobatus has been
abtained from lithographic stone of Bavarin, Upper Cretaceous of Mount Lebanom and Upper Focene of

Monte Bolea., It is viviparous and has edible value,

Identification—By guitar shape.
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23. Raja
Classification :
o S W IR Chordata
SHbPRI . i eyl Vertehrata
Superclassi . iz Goathostomata
i s r Characters same as those of Torpedo,
SN AT i e nrtoer i s Selachi
AT O S B Batoidea _!
A R AT Rajidae ~ Skates, pectorals extend opto snout,
e Rajfa,

Geographical distribution—Raja is found in almost all temperate sea waters. Most of the
species belonging to the genus Raja are abundantly distributed in northern hemisphere,
Arctic and Antarctic regions. Upper Jurassic to Recent.

Habit and habitat— Raja is a marine, sluggish, bottom-dwelling fish. It is carnivorous, feeding
on small fishes and crustaceans. They catch their prey by dropping over them and
covering the prey from all sides from their body and fins.

Comments ;

{1) Rajais commonly known as skate,

(2) Body is dorsoventrally flattened and rhomboidal, The colouration of upper surface
resembles with sandy or gravelly environment of bottom.

(3) Body is regionated into an anterior rhombic disk and slender tail, measuring about
2-3 meters in width.

(4) Disc is made up by the head, trunk and pectoral fins.

snout

2ye

splracle

pecearal fin

pelvic fin

claspers

tall

dorsal fin A B dorsal fin

raydal fin caudal fin

Fig: 3-24; Raja. A—DMuale, B—Femals,
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(5) Head is produced into a short snout. Tt contains a pair of dorsal eyes.
(6) Spiracles are found just below the eyes.

(7) The ventral mouth is provided with the numerous sharp, rasping tecth by which they .!
tear the prey. '

(8) The slender tail is distinctly demarcated [rom the thombic disk.
{(9) Eleetric organs are present on fail region. These arc modified caudal muscles.
(10) Skin denticular, provided with spines.
(11) Oviparous; egg capsules four horned; sexually dimorphic. Male is provided with a pair
of claspers near the pelvic fin. Caudal fin is very small. _

Special feature—The pectoral fins are greatly expanded. They are endoskeletally supporied and Ih'll'__
extend along the latcral margins of the trunk from the pelvic fins upto the snout. Tail contains one mediaa
and two additional rows of small spines which inflict severe and irritaling wound.

Identification—By rhiomboidal disk with fused pectoral fins.

24. Myliobatis

Classification ;

Phylum ... Chordata 2

Subphyinm...... ¥Vertebrata |

e monranil . Charscters same as those of Torped.
LT e T R Selachi J

Orelere - e Batoiden

Fartly..oouereens Myliobatidae — Disk broader than long and rhombic in shape.

TVPE . ceanioen- o MMpliobatis (Eagle ray).
cephalic fins

pelvic fin

darsal fin

Fig. 3-25 Maiobaris,
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Geographical distribation—Myliobaris 13 found in tropical and subtropical regions and
distributed in the Mediterranean and eastern and southern coasts of England. Upper
Jurassic to Recent.

Habit and habitat—Myliobatis is found in sea water. It is viviparous and carnivorous. It feeds
on small organisms, crustaceans and moliuscs.

Comments ;

(1)
(2)

(3)
()

(3)
(7)
(9)

(10)

Myliobatis is commonly known as Eagle ray.

Body consists of a disk and narrow tail, The disk iz much broader than long and
rhombic in shape. Body is dorsoventrally flattened.

Skin non-tuberculate and devoid of scales.

The pectoral fins are enlarged but they do not continue with the snouts; they cease
on the sides of the head and reappear in front of snout as distinct folds, called as
cephalic fins.

The head projects beyond disk. (6) Eyes and spiracles are lateral in position,
Masofrontal fold is present. (&) Teeth are flat, hexagonal and adapted for crushing.
Tail is long, cylindrical with a single dorsal fin and one or two serrated spines, Pelvic
and caudal fins small.

Wo sexual dimorphism.

Identification— By lateral eyes and spiracles.

25. Trygon (Dasyatis) "

Classification—Same as those of Raja.

Geographical distribution—Tryzon is abun-

dantly distributed in tropical regions of the
Atlantic and Pacific oceans. It has been
reported from India, Japan, China, MWarth
America, Australia and Sonih America.
Upper Jurassic to Recent.

Habit and habitat—Trygon is. found lying
quietly on the sea bottom. It occasion-
ally swims to chanpge the place in search
of prey or move 1n self-defence. It is
carnivorous. It also shows adaptive ot _
protective colouration to conceal itself from ! M

the encmics. e
o —

Comments : ——
(1) Trygonm (Dasyatis) is commonly called : e

(2)

(3)

as sting ray of whip-tailed ray. iy M"’“

Head and body are dorsoventrally
compressed, It consists of huge Kite- Fig, 3-26. Trygam
shaped, fleshy body and long whip-like tail.

The pectoral fins are enlarged and continue upto the end of the snout with the result
that body is disk-shaped, sub-rhombic and broader than long.
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(#) The pectoral fins being confluent with the sides of the head, their pre-axial endoskeletal

radiates meet in front of the skull along the lateral margins of prenasal rostral
cartilage. Pelvic fins small,

(5) Skin is smooth or spiny. (6) Mouth is ventral.

(7) A rectangular nasofrontal flap is present in front of the mouth.

(8) Head contains a pair of dorsal eyes. (9) Spiracles present behind the eves.
(10) Gill slits 5 pairs, ventral in position.

Special features—Sexuvally dimorphic, Male contains claspers near the pelvic fin. The tail is cspecially’
elongated, whip like and contains a large mid-dorsal peisonous spine which §s 2 modified dorsal fin, The
poisonous epine 35 about 20-35 cm. long and acts as organ of offence and defence. Caudal fin s small and
single lobed. By poisonous gting it inflicts wound on the viclim  The sting with poison gland preduces ugly,

slow-healing wound, sometimes complicated by gangrene or tetanus on bathers sand fishermen. The flesh of the
fish is caten and the liver gives oil.

Identification— By whip-like rail.

26. Chimaers

Classification 2
BT 17 T S Chordata 1
SR OR i Fertebraia i
Superclass..............Gnathostemats Characters same as those of Torpeds
Class.. veiiiivecivenyenn.Elasmobranchi
Subclass. ...........Bradyodenti

«.. Denlition of erushi
Order...o..oiuvavieeciHolocephali e

=:a apiracle abzeng, opercalum present, skull autostylic with two
dorsal fing and in anal fin,

Family. . oreeninneins «oChimneridae .-« Body elongated and shark-like

Il:llﬁ'i"u--.l- ................. Cl‘ll'fﬂ'lli't‘rﬂ'.
Geographical distribution—Chimaera inhabits the European cp
Japan and North America. Upper Devonian to Recent,

Habit and habitat— Chimaera is found at 200-1200 fathoms deep
and scawceds, ;

a5ts from Norway to Portugal,

[t eats fish, invertcbrates

Commentis
(1) Chimaera is commonly known as “Rat fish” or “giy

(2} Body is shark-like with compressed head and blunt snout i unded b
lig-like folds. Mouth and nostril ventral in position. The mouth is bounded by

g of herrings'.

antal clasper sensory canal o darsal fin lateral line procve caudal fin

Eyg

mouth

oparellum gl epaning pectaral fin pelvic fin
Fig. 3-27. Chimaera,
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(3) The gill slits communicate with the exterior by a single branchial opening. Operculum
covers the gills.

{(4) Spiracles absent.

{5) There are two large dorsal fins and a small ventral fin, Cauodal fin is of diphycercal
type. The pectoral fins and pelvic fins are enlarged,

(6) The first dorsal fin bears an immensely bony anterior dermal spine while the second
dorsal fin is like a folded tail and is produced into the whip-like filament and is of
diphycercal type.

{7) Sexes are separate. Male Chimaera contains five claspers, a frontal or eephalic clasper
on the head, a pair of anterior claspers in front of pelvic fins and a pair of ordinary
claspers near pelvic fins,

(8) Lateral line consists of open groove.
(9) Jaw suspension is autostylic; notochordal sheath contains calcified rings.

(10) The eges are surrounded by egg shell. Placoid scales are found in young rat fish.

Maturnl Histery—Bony fishes occur from the polar seas to the equator, from the surface to the depths
of miore than 12.000 feet and in waters more than 12,000 leet deep. They live varicusly in open water, Zandy,
rocky or muddy bottoms, in crannies of reefs, in saline bays, estuaries, fresh or alkdline rivers, lakes and
cave water, hot and cold springs. Most fishes migrate from salt willer Lo fresh water {uﬂﬂﬂrﬂmwsq and fresh
water io salt water (eatadromous) for spawning  They are important human protein food. The ancient fishes
belong to subclass Palacopteryeii and the following table distinguishes some of them t—

1. Hyoid gill, pseudobranch and spiracle —dcipenser

2, Hyoid gill, pseudobranch without spiracle — Lepidostens

3. Hyoid gill, pseadobranch or spiracle — Seaphiehynchus
4. Pseudobranch and spiracle without hyoid gill — Polyodan

5, Spiracle present, pseudobranch and hyoid gill absent — Polypreris

6. Hyoid gill, pseudobranch and spiracle absent —Amia,

Special feature— Chimaera Is an interesling fish, infermediale beiween Hl'-il']ils and  bomy flﬂl:l:ts, Lik=
sharks they have a skeleton of cartifage but unlike them Chitracra has small flesby lipped mouth with tooth
plates attached (o jaw. Spiracles absent. Chimaera further resembles with the bony fishes in Jacking cloaca and

in havieg urincgenital aperture behind anvs,

Identification— By blunt snout and additfonal claspers.

Bony fishes— The class Osteichihyes comprises of bony fishes, which are notable for their bonpy
skeleton, scales, plates, air bladder ond advanced brains. Various fishes are found fn differcnt types of
witer—fresh water, brackish water, sall water, warm water and cold water.

27. Polypterus

Classification :

Lhylum...., AT Chordati -= Dorsal wbulated nerve cord, notochord and il slits
present,
SHBORYTEM 2 Jiarsvrmnnsanss v Vertebratn - Internal skeletors of cartilage or bone, spinal cord forming

minin axis and compozed of overlapping vertebrae, nervous

tubc dorsal to alimentation, brain complex, two pairs of
appendages and red blood,

Superelass.... T Grathostomata - Jaws and paired appendages present.
CIASE < siveervnrasenssreness: OStRICHENYES - Bony fishes, skin contains dermal scales, paired lateral fins

present, gills air bladder present and cleavage meroblastic,
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nastril :pimﬂe

operculum darsal finlets caudal fin

e T S oy e T
- R ‘_:}Eyz.‘q_l-“lﬁ‘_nr"h“' "-a-""l it ___r_..-;:‘-.l"__.!__"
ohourh e P 2 AR s TR !?ftﬁg‘ﬁﬂﬂﬁ‘-ﬁ"g
F ik S rs T e e e
branchlosts :
gEtegai membrane  paczoral fin ateral line pelvic fin anus ventral fin
Fig. 3-28. Polyprerys.
Subelass..evicvisiveeosn. Palaeopterygii = A”':i‘f“t fishes, dermal fin rays numerous, clavicles present,
nosirils free from mouth cavity,
o R SN e Cladistia =+ Body slender, scales thick, rhomboid, enamelled air bladder
lung like.
Family. cosssvssnresirsssns s E0lypleridae -+ Pectoral fins lobate, while pelvie fing non-1obate,

THPE . ianisamssen s seisanan POl ypterus . (Bichir},

Geographical distribution—Polypterus is restricted to trapical Africa, the Nile, Migeria and
Congo. Palaozoic and Recent (none known species),

Habit and habitat—FPolypterus is found in sea water. It becomes active during night. T¢
feeds on small teleosts, batrachians and crustaceans,
Comments :
(1) Polypterus is elongated, measuring about 1 meter in length.
(2) Head is covered with a horny shield containing tubular nostrils and eyes.
(3) Body is covered with ganoid scales, which are bony, rhomboid and thickly enamelled
with ganoin.
{(4) The dorsal fin consists of a series of isolated finlets composed of spine-like scales.
{5} Tail is symmetrical and diphycercal.
(6) Respiratory organs are a pair of air sacs.
(7) It cannot live out of water for 3 or 4 hours and it does not leave water.

(8) The larva possesses plume-like external gills, attached to the hyoid arch, resembling
the gills of Amphibian larva.

Special fenture—Polyprerus shows combination of primitive and advanced characters. Primitive
characters are pon-overlapping scales, spiracle, cerfain skull bones and its arrangement, spiral valve in
intestine and the superficial resemblance of paired fins to broad-based crostopterygian fins, It has alio
advanced features like dorsolateral position of nostrils, pyloric caecum in the gut and similar urinogenital
system, which bring them closer to bony fishes, The tail is no longer hieterocercal, The air bladder though

connected with pharynx seems to be respiratory ofgan bul remains non-Tfunctional as Polypterus cannot 1ive
outside water.,

Identilication —By dorsal finlers.

28. Polyvodon

Classification :

Photam: . oo iinnsn Chordata

Sebphylom.......... ‘ertebrata

Superclass...........Gnathostomata Characters same as those of Polypreris.
LT e o SO Dsteichthyes

SDCaar e Pulaeopterypil

i
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bill rostrum nostril spiracle aperculum dorsal fin rhdmblc scales on upper
caudal laha

u'.ld.'ﬁl ﬂn

pectoral fin anathn
lateral ling

Fig. 3-29, Polyedon.

[P Lo ) g Chondrostej — Body covered with bony scutes or naked, tail heterocercal,

skeleton largely cartilaginous, notochord unsegmented and

. —+ vertchrae acentraus.
Famii e covnnnmnnnn Polyodontdas;

1 e Palyodon  (Polydora)

Geographical distribution— Polyodon is found in the rtivers of South and North Americas,
Mississippi, Ohio and Missouri. Lower Jurassic to Recent.

Habit and habitat—Polyodon i3 a marine fish, slugoish and feeding chiefly on mud with minute
organisms. The long bill rakers form efficient filter for taking food. It eats =mall
invertebrates.

Comments :

(1) Pelyadon is commonly known as spoon bill or paddle-fish,

(2) Body is fusiform, scaleless but wvestigeal scales are embedded in skin. It measures
5-6 feet.

(3) Rostrum is exceptionally clongated, spatulate, conical with rigid axis and flexible
MAargins.

(4) Mouth is wide and ventral.  (5) Barbels are absent.
{6) Pectoral fins do not contain spines.

(7) A poorly-developed sub-operculum is present in addition to a small-rayed operculum.
Spiracles are absent.

{8) Tail heterocercal,

Special feature—Folyodon also shows combination of primitive and advanced charicters,
Identification—By spatulate rostrum,

28. Acipenser

Classification :

Phylim .. Chordata

Spbpllum .. Vertebrata

iﬁf:daﬂgliz:gf:‘:;:m Characters same as those of Palyodon.
Subelass. ... Palacopterviii

I [t i Chondrostei J

Family. s Acipenseridag

D e Agipenser,
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Geographical distribution—Acipenser is abundantly distributed in Black Sea, Sca of Azov,
Caspian Sea, in rivers of Europe, China and on the Atlantic coasts of North America.
Lower Jurassic to Recent.

Habit and habitat—Acipenser is a marine, bottom-dwelling fish. They stir the boltom mud
with their snout in search of small invertebrates, worms, molluscs, small fishes and aquatic
plants for feeding. They are migratory fishes, anadromous, ascending rivers for spawning.

Comments ;
(1) Acipenser is commonly known as Sturgeon.
(2) 1t measures 2-4 meters in length.

{3) Body is clongated, eylindrical and bulky and is divided into head, trunk and tail.

(4) Head contains a pair of eyes and functional spiracles.

(5) Head is produced into a striking rostrum, which is used to stir mud for invertebrates.
(6) The rostrum is well developed, having simple or branched barbels on ventral surfacc.
(7) Jaws do not contain teeth. There are 4 barbels in front of mouth.

{E:] The [hﬂ.mbfc Equamatf_ﬂn iﬁ ‘:-I:Il]ﬁﬂfd to the upper In]‘_‘lc l."}f tﬂ:ii., Whi{:h Eﬂﬂlﬂiﬂﬁ fulera.
Fins are without spines, scales ganoid. Operculum represented by opercular bone.
Dorsal fin single and posteriorly placed.

(9) TIn the body scales are represented by five longitudinal rows of bony scutes with small
interyening ossification, Each plate is provided with a pointed and partly-conical o
backwardly-directed spine.

(I0) 2 to 3 million eggs are laid by a single fish during the breeding scason. The air
bladder is smeoth, oval and contains ciliated epithelium.

Special feature— Aeipenser shows combination of primitive and secondary modified characters. They
resemble elasmobranchs in having open spiracle, beterocereal tail, cartilaginous skeleton m ostly, spiral valve
in the intestine and conus arteriosus, Lot of bope shows secondary character and presence of rhomboid seales
shows its affinity with ganoid fishes. Black eggs of Furopean sturgeons are used Lo prepare a delicacy catled
as caviar. The air bladder of sturgeons is used to prepare isinglass meant for cleaning wines and beers.

Identification— By scutes and rostrum,

bead pperctlum SCibeE trieak darzal fin caudal fin

FOALTUIT

barbels

maith e — poeuaral fin fataral ling

Fig. 3-30, Acipenser.
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30. Amia
Classification -
Phylum.,...........Chordata
Setpivlar, ... Vertebrata
e “haract [P f -
ST e (BRI S Characters same as those of Polypreris
[ L Osteichthyes J
Suhelags...... - Actinopterygii —+ Modern fishes, vertebrae amphicoelous, caudal fin homocercal,
or Meopterveli scales cvcloid of ctenoid and nostrils do not communicate with
mouth cavity.
O i Amisformes —+ Tail heterocercal and overlapping evelold scales.
Family.......,.....Amiidae

R Atmia palva (Bow-fish).

Geographical distribution—Amia calva is abundantly distributed in rivers and lakes of Central

and

Southern America, Upper Jurassic and Lower Tertiary.

Habit and habitat—Amia is a freshwater fish. It is voracious carnivorous fish, feeding upan
other fishes, insects and crustaceans,

Comments

(1)
{2)

(3

(4)
(3)
(6]

{7)

(8)
(9)

(10)
(L1)

Amia is commonly known as Bow-fish.

The shape of body is fusiform, compressed, measuring about 60 cm. It is divided into
head, trunk and tail.

Body is covered by uniformly thin and overlapping and nearly cycloid scales. Ganoin
is lost.

Darsal fin is long and anal fin short, all devoid of fulcra.
A single dorsal fin is continuous for the greater part of the trunk and tail.

Head contains ventral mouth and dorsal oyes, The terminal mouth has a thick upper
lip and a pair of dorsal barbels,

Teeth are large, conical and found on premaxillas, maxillae, palatines, dentaries,
vomers, pterygoids, splenials and parasphenoid.

Tail is homocereal, though internally still heterocercal.

Sexually dimorphie, Males are smaller than females (45 cm.) and provided with a
rolinded black spot at the base of candal fin.

Twao peculiar comb-like structures are found on the throat.
The male builds a nest and guards the young until they are able to move themselves,

1 lateral line dorsal fin
operalum
7

1& e S s ez —

2 l' "i e o ;""r =
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.:* " i T‘l‘ " 1 '* i q
"Ill iti '-t t“: T?::::ﬂ '1*! ‘i:l- 'Hﬂ"ifi 4-
£ s .| -q. ' ' ‘ x ‘
s __,_ ;.r,.-;[lf: 20 L i; -I‘ ,,, %% , e
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7 == =11 L A ﬂl‘i" *""'-i HEH;‘_—
Ly 't!':{ 1"1'.{‘111*' N g =
= :
meuth PRECGral tin pelvic fin anal rin caudal fine

Fig. 3-31.  Amia caiva,
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Special features— Amia calva is the only one living specics.  Amia shows combination of primitive and
advanced characters. The primitive characters incluode (a) dorsal, cellular and bilobed lung (air bladder),
(b) spiral valve vestigial, (c) large jopal plate and well-developed branchiostegal rays, and (d) non-pyloric
caeca, The advanced characters include (i) thin cycloid scales without ganoin, (i) fulera absent in fin, and
(iii) tail homocercal and vertebra solid and amphicoelous. This fish also shows parenial care.

Identification— By continuons dorsal fin.

37. Lepidosteus

Classification :

FPhylum_... ... Chordata

Subphylum.... Vertebrata

Superclass.....Gnnthostomata Characters same as those of Amia,
L S Ostelchthyes

Subclass..,......Actinoptrygil

Crder............Lepidosteiformes -+ Veriebrae solid, opisthocoelus and ganoid scales in oblique rows.
Fearmile ... Lepidosteidae

THDE.  cevsnnssene B DIHOETEL S

Geozraphical distribution— Lepidosreus is widely distributed jn the United States. Upper
Cretaceous to Recent.

Habit and habitat—Lepidosteus is found in freshwater rivers., |y is a voracious feeder on
small fishes. Sometimes, it also comes out of the surface to emit buhbles of gases.

Comments :
{1} Lepidosteus is commonly known as gar-pike.
(2) Body is elongated with short caudal region, MEASUring about 23 melers.
(3) Body is covered with thick rhombic gancin-coated ang articulated scales.
(4) The scales articulate with one another by peg-and-socey joints.

(3) The dorsal and anal fins are far back near the taf Caudal fin is rounded and
semi-heterocercal.

(6) Th*.'.‘: head is produced into snout. Both upper and Jowe, jaws are provided with small
conical teeth.

{7} Eyes arc well developed. Gills are covered by operculum. MNostrils are found at the
anterior end of the beak. '

(3) Yertebrae opisthocoelns and solid. (9} Fyloric capeg branched
(10) Air bladder is vsed as lung and air is engulfed through the mauth

nottril
tr aya op Pt U lateral ling

HEPEr hpalk \ — SR dehiifln
i A i ; e i e =

FEIHIt ﬁﬂ e anal fin : caudal fla
Fig. 3-32, Lepidostens,
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Special feature—Lepidosiews a shows number of primirive features such as cellular air bladder, ganoin-
coated scales, presence of fulcra, absence of jugal plate and closed spiracle. 1t also shows telecstion and
advanced features such as branched pylorie casea, redoced maxilla, presence of tooth-bearing infra-orbitals and
opisthococlus veriebrae, The scales and the skin of the gars are used in the manufacture of handbags acd arts.

Identification— By the toothed beak or j aws and posterior dorsal fin.

32. Salmo
Classification :
Fhylum............Chordatla
Subphylim. .o Nertebrata
Superclass. ... Gmuthoziomaia Characters same as those of Amia.
Clais......c.......Osteichthyes
Subelass ..o ACtinoplerygii
SHPEFOrder sesan.. J ElEOSTE] - Bony fish proper.
Order...............1s08pondyli —» Tail homocercal, fins without spiny rays, air bladder communicaies
to pharynx with a doct.
Familp. ..cccnenee.. Salmonidae
THPE, . ovinessrnananiaimo salar.

Geographical distribution—Freshwater and marine fish. Tt is found in temperate and Arctic
zones of morthern hemisphere such as North America—California to Alaska, Europe and
Canada. It has been introduced in Kashmir and the Nilgiris, Jurassic to Recent.

Habit and habitat—Salmon is found in sea waters. They are famous f‘“: their beauty,
migratory habits and colour changes. Young migrate to sea and mature in 2 to § years,
return to fresh water, spawn once and die.

Comments :
(1) Salma is commonly known as trout.
{2) Body weighs 13-45 kilograms.
(3) The margins of upper jaw are formed by pre-maxillaries and maxillaries.
(4) Supra-occipital is in contact with frontals and opercular bone is well developed.
(5) A small adipose dorsal fin is present on the back.
(6) Pelvic fin abdominal,  (7) Tail homocercal.  (8) Fins without spiny rays.

adipoe or eaudal fin
second dorsal fin

adiposs lobe o1 pelvic fin :
Fig. 3-33. Salmo.
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Air bladder is present, having open duct to pharynx.

Oviduct rudimentary or absent; ova are shed in abdominal cavity before passing to
exterior. Pyloric caeca numerous,

Special featore—Salmon and frout possess a smtl| adipose fin on the back, They are much poised for

rnud E.ﬂd gamt, BMillions of FII'_'IIJT.:]'E are ti.ll'i'.ﬂﬂ i'“ nﬂtsl ugﬂd E[":-hh of canned, Various salmon and troot fislies
haye been transplanted to new locilities.

Identification— 8y adipose fin.

93. Esox
Classification :
Pl e cosacens Chordata B
Subpllum...... Vertebrata

Superclass.......Gnathostomata

Characters sume as those of Amia.

Class.s vereasenss . Osteichthyes ?'

B Actinopterygii |

Superorder.......Telenstia]

Orler.so.--r.....Haplomi -+ Fing with soft rays, pelvic fin abdominal, air bladder
Farnily Fxncidas communicates with pharynx.

Ty SRR LEiox Tuclus

Geographical distribation —Esox is abundantly found in Europs, Morthern Asia and U.5.A.—
Arkansas and Minnesota castward and Eurasia, Jurassic to Recent.

Habit and habitat—FErox i5 a maring ﬁsh! CATNIYOTrons an'd_ prﬂl]ﬂl'."&i]llﬁ.
Comments :

(1
(2)
(3)

(h)
()
(6)

(7)

FEsox is commonly called ag pike.

BDII.}' is Elﬂﬂgﬂ.t{:ﬂ, mgaguring about 3 meters in ]ﬂ'ﬂgf-h and “,rl:ighiﬂg about 45 ]’CES-

Mouth is large and margin of uppse jaw is formed by the pre-maxillﬂrics and
maxillaries.

Supra-oceipital is in contact with the frontals.
Opercular bone is well developed.

No adipose dorsal fin. Dorsal fin and anal fin are confluent with body continuing
upto head.

Pectoral fins inserted very low and ventrals provided with 6=11 rays.
Special feature—Pyloric cacea absent. These slender badied fithes are with large moutbs and

conspicuous tecth. Some forms grow upto- 8 feet and over 100 pounds forming choice game fish.

Identilication—2By continuous dorsal and anal fins.
pactoral fin

head lateeal line dorsal fin
api ; . :
¥ e . e i 2 T
mouth o : anal fin

QREr L U

Fig. 3-34. Esox.
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34. No topterus

Classification :

Phylum............Chordata B

Subphylum... ... Vertehratn | .

Siiperclass........ Grathostomaty :.. Chargcters same g sthose of Amia.

oy Fr et et [ Orsteichthyes

Subelassi ... Actinopterygii J

Superorder......., Teleosied -+ Bony fish proper,

Crder,........w.... Ostariophysi = Anterior vertebrae fused, Weberian ossicles present beiween
&ir bladder and ear,

T TR R R MNotopteridae

TYPE. . civriinnss.ns Notopleris,

Geographical distribution—Notoprerus is widely distributed in India,
West Africa. N. efiirala is exclusively fopnd
Recent.

Burma, Malaya and
in the fresh waters of India, Eocene 1o

Habit and habitat—Notopreris commo
or brackish water. Tt isa bottom
Organisms, insects and criustaceans,

nly inhabils marshy meadows, lnkes, fresh water
feeder, carnivorous, predaceous and feeding on small

Comments :

(1) Notopterus is commonly known as cat-fish or chital

(2) Body is very strongly e
about 1} meters in length.

(3} Colour is silvery dark or greenish on the

(4) Mouth is large and descends obliquely,  (5) Eyes are white,

(6) Dorsal fin s short or absent and ventral fin is also very much redoced or absent. The
anal fin is very much elongated and confluent with the caudal fin,

(7) The air bladder is very lirge and is divided

(8) Teeth are homodont,

ompressed with a short pre-caudal region and measuring

back or glossy yellow,

into several compartments.
(?)  Gill covers are scaly.

lazeral lina aperciium

caudal fin

A L b \ Il_.-| L] .- i
T
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(10) Musciferous chanatls well developed on the head.
Special featare—The fesh of the fish is very rich in nutrition and well flavoured.
Identification— By confluent anal fin and strongly compressed body.

35. Labeo rohita

Classification :

Phylum ... Chordata 1

' Subphylam........Vertehrata :
Superclass........Gaathost omata Characlers same as those of Amia.
CEEES. v ernnnenac OMsteich thyves

Sabelass....._.....Actinoptesygii -+ Ray-finned fishes.
Superorder........ Teleostei — Bony fishes proper.

eder e Ostariophysi (Cypriniformes) -» Weberian organ preseot.

T¥pe. ..oeueeen.on--.Labeo rokita (Common [ndian Carp).

Geographical disiribution—Labeo rohita is widely distributed in tropical and temperaie regions
specially found in India (Punjab, Assam) and Burma. Eocene to Recent.

Habit and habitat—I.abeo rohita is abundantly found in ponds and rivers, Carps are vegetarian
and bottom feeders.
Comments :

(1) Labeo rohita is commonly known as carp and Rehn in Hind:.

(2) Body is compressed, fusiform and measuring about 1 meter in length and weighing
about 4 kgs.

(3) The colour of the body is bluish or brownish on back and silvery white below.
{4) Body is regionated into head, trunk and tail.

(5) Head contains mouth, eyes and external nares. A pair of filamentous barbels arises
from upper lip. Small tubercles cover the snout, which is oblong, depressed, swollen
and projecting beyond the jaws.

(6) Body is covered by large overlapping cycloid scales.

caudal fin ., nostril

mouth

anal him

pelvic fin pectoral fin operculum
Fig. 3-36, Labeo rohifa.
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(7) Lateral line is distinct. The scales overlying the lateral line are perforated by tubes of
the lateral line system. These scales are of taxonomic valae.

(8) Labeo contains 7 fins. The dorsal, ventral and caudal fins arc median fins. The paired
pectoral and pelvic fins are also present.

(3) Weberian apparatus present between bladder and inper ear.

Special feature—Mouth does not contain teeth, Teeth are found in pharynx only. Labee has great
food value, forming common man™s food. The fAesh is very delicious. Fin rays are soft.

Identification—By overlapping scales.

36. Clarius
Classification :

aracters * Lobea.
Superclass . ceneree s PI1SCES } o S HRR AR ELO O 2

L T R— L

Order. cusvanense s CYPriniformes
Frareler. o cnee el lOnnided
Family..coencicneenCalridas

£ 4T R CVartus barrochkns,

Geographical distribution—Clarius is distributed in India, Burma, Sri Lanka and Malaya
Archipelago. Eocene to Recent.

Habit and habitat—Clarius batrachus is found in fresh and brackish water. Tt takes a wide
variety of food including clams, insect larvae and crustaceans. They act as scavengers living
in dirty ponds and muddy water.

Comments
(1) Clarius is commonly called as cat-fish. Body is divided into head, trunk and t=il,

(2) It is characterized by its spikeless dorsal fin, which extends all along the body;
. pectorial fin is inserted very low; anal fin is pot confluent with caudal.
(3) Head is flat with four pairs of non-contractile and sensory barbels. Head bones are
superficially exposed,

{(4) Body is covered by scaleless and naked skin,

garsal fin Iwteral ink

Fig. 3-37. Clarius,
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Dendritic accessory branchial apparatus supplements aill respiration and hence fish can
live for a very long period outside water.

Air bladder is physestomous, (7) Eyes reduced and spiracles absent.

Parietals, symplectics and sub-operculum absent.

Tajl is laterally compressed, diphyeercal and having rounded caudal fim. ;
The pectoral fins cause painful wounds. They are placed very low a].m]g wnlm-latz::
angles of abdomen. Weberian ossicles connecting internal ear and air bladder present.

. : s ation. It cap
Special feature—Magor supplements gill respiration with accessory Organs _ul' FESIDTZL?:IP: it
away out of water for long time. It can also travel a distance of } kilometer on its pired HE=.

respiration by accessory Tespiratory organs. Magurs are much valued for food.

Identification—BYy dorsal fin and barbels.

37. Wallago attu

Classification :
Phyluni.- ... Chordata
Subplyium. . Vertcbrata
Superclass.. Goathostomata

1‘
Class. .so..r. Osteichthyes i" Characters same as those of Clarius.
Subclass...... Actinoplerygl

Superorder.. Teleostei J
Order.........Omtariophysi
T e Wallago atin,

Geographical distribution—HWallago is distributed throughout India, Eocene to Recent.

Habit and habitat—Wallage is found in temperate and tropical fresh waters, Enltahitingl d_ﬂ:f;'
flowing waters ©of rivers and tanks in hilly and low country regions. Itis predacions,
feeding on young carps.

Comments :

(1)
(2)

()
£4)
(5)
(6)
€7

Wallago is also called as eat-fish,

. : : d
The colpur of the hnd,:" varies. Daorsally it is greyish brown, head, 15 porplish an
belly whitish. Body is divided into head, trunk and tail.

Head is very 1arge, trunk small and tail long and tapering.
Clefts of the mouth extend behind the orbits.

Head contains nostrils, 2 maxillary and 2 mandibular sen sory barbels.

E?EE are fﬂun# ﬂhu‘?e Ih.E- ]E‘n'E] ﬂf H]E mnuth H-l]d not 'L‘D"."Eﬂ:d wiih 5!4;1]1'_
Jaws are provided with teeih,
darsal fin * Eya
lageeal e =i X
3\ S,
i ':E;-}fl ..-:-:' ' .- . o .;.” " -.:---‘: " %" .. i
ﬁgyf@ﬂ;’;:;gw e _i': : 23

ol

anal fin

Fig. 3-33. Wallugo.
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(8) Weberian ossicles are present.  Gill membranes free,

(9) Dorsal fin is small like peclorals.  Pectoral spine finely serrated. Anal fin large and
confluent with the caudal fin, ;

(10} Scales are absent and body is covered with naked skin,
(11} Teeth villiform, Profile of the back obligue.

Identification— B8y smooth skin and small dorsal fin.

38. Barbus sarana

Classification :
Phylurst.. .. i Chordata 3
Sdphplim. . ... Yertehrata
SUPCrCIALT.  1vve,.. .Gnathostomala '
[ e 8 < Osteichthiyes  Characters sime a5 those of Clariux,
o 1 T Actinopterygil
S.-.rprmm’:'r « Telpostoi
Order... E‘} prinoformes 3
S:;&ard’rr C_'I."Flrillﬂ-]lllﬂl
Famiiy, e Crprinlmtu
TYPE..crconnraranens o Barbus sarana.,

Geographical distribution—Bardus js distributed in Burma and Tndia. Focene to Recent.

Habit and habitat— Barbus is a common freshwater fish of ponds, lakes and rivers,
Comments ;
(1) The colour of the fish is silvery white. The operculum is stout with golden colour.
Fins are whitish or yellowish. ;
(2) Body is covered with large seales. Scales are absent on head.
{3) Barbels small. (4) Lips simple.
(3) The profile of the back is elevated, (6) Inter-orbital space convex.
(7) Dorsal fin is opposite to anal fin. Caudal fin is bifurcated,
{8} The fish is used as food,
Identification— &8y scwleless head and simple lips,

_y __—Torsal fin

EBCRTrAl fp
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39. Ophiocephalus punctatus

Classification :

Pliyfuse.. ouuescChordata

Subpliytum. ...... Yertehratn Characiers same as those of Clarius.
Superciass.......Goathosloma ta

Class..oeciveen. . Osteichthy o

Superorder....... Teleostei
Crder. . correr wune. Dphicephaliformes
TVPe.iersnsaenss-Ophivcephalus punclatus.

Geographical distribution—Ophiecephalus s distributed in India.

Habit and habitat—Ophiocephalus is commeonly found in freshwater pond and rarely 10
flowing waters.
Comments :

(1) The colour of the fish varies with water. Back is greenish and becoming yellow o0

sides. Abdomen is with dark siripes. Some spccimens possess scattered dots o0
the head.

(2) Body is elonpated and cylindrical and differentiated into head, trunk and tail.

{3) Head is triangular and tapers into a pointed snout. Teeth are present on BW and
palate,

{4) Head is also covered with large scales.
(5) Pectoral and pelvic fins arc small, dorsal fin extends upto tail.
(6) Candal fin is rounded. (7) Lateral line is slightly curved,

- . It
Special feature— Opliiocephalus is eaten as food. Sometimes, raw fesh is used 10 cure the 2EE™

can bresthe atmospheric air due (o the presence of @ supra-branchial cavity, The feh acis #8 nost foF
camallanid nematodes, n

Identification—By anal and dorsal fin.

eaudaf fim Fateral line darsal fim gpertire

operculum nasal

eye

I gzg /.’ )

b
Pk

e

e
.____._3::%?3__,?1- ER

malth

Fig. 3-40. Ophiocephalys,
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S T
40. Anguilla
Classification :
Phylem, oo Chordata 1
s ebph i ... Yerichrata
Superclasg........ Gnathostomain L Characters same a5 those of Lafen.
ORE s b P Ostelchthyes {
Sobelger i Actinopterygli )
Superorder,........ Teleostel
DPAEr. . ineeseneness Ap0IES OF = Body long and slender, air bladder with duct, gill openings small,
Angulllfiormes scales minute or absent, dorsal, caudal and anal fins continupus.

TP s rnnnrasmsnnnar ANEUFIE,

Geographical distribntion—.Anguilla yulgaris is widely distributed in Europe, North Africa,

temperate Asia, North America, Mexico, West Indies, Australia and New Zealand.
Cretaceous to Recent.

Habit and habitat—Anguilia is a freshwater fish, It is voracious feeder, catadromous fish and
it can live for several hours out of water.

Comments
(1) Anguilla is commonly known as eel, measuring 4 feet in length,

(2) Body of the fish is slender and elongated. Brownish pigments on dorsal surface and
ventra] surface ycllowish,

{3) On each side operculum covers the gill slits,

{(4) The dorsal fin, anal fin and caudal fin are joined together forming a continuous fin,
Pelvic fins are absent, Fins are supported by fin rays.

{5) Body is cavered by minute scales, which are embedded in the skin, arranged obliquely
at right angles to one another forming a curious pattern.

(6) The maxillaries and platopterygoid present, gill cleft separate and vertebrae are greatly
enlarged.
(7) Spines absent.  (B) Gill openings small.  (9) Air bladder has duct.
(10) Oviducts absent.

idareal fin fateral line

9f#-—rﬁir}="ﬁ“'é'-'¢f: -
B e B e 'r'f'.';: =

1
pectoral ﬁn gl opening mouth

raudal fin

rfﬂﬁ;ﬁr

Fig. 341, Anguilla,
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Specinl feature—Angwilla looks like snake.  The life eycle is peculiar.  The fish (eel) grows (o sexual
maturity in freshwater streams, the adult male and female migrate to sea in autumn, spawn io deep wiler and
die, The delicate transparent larvie, leptocepliall, swim near the surface of the sea, [eeding and growing and
return to rivers a year jater,

Identification—By continuous caudal, anal and dorsal fins,

47. Amphipnous cuchia

Classification :

Phylum.dossia Chopdats
Eﬂ.ﬁ'pfl}'fﬂ?ﬂn FEESEE Bd e "E‘Ht‘h‘l‘ﬂ 1n

Samere A el
e Gnathostomata Characters same 45 those of Labea.

T i+ e Osteichihyes
Eﬁ'.{l;'.".llﬂ:!fi LT T LT -Aﬁiﬂ Uptﬂrﬂ'ﬂ-u |
SuPErraeEr il Teleostoi J
Order. i o Symbranchiformes
B A R AnpRionaus,

Geographical distribution— Amphipnous is distributed in India and Burma,

Habit und h“hit“t"—-"lmpﬁfpnnus is found i.l'l fresh and brackish water. Tt 15 an ﬂmph{b[nus fish.

It frequently rises to the syrface for the f respiration and i :
: purpose of respiration and 1s often foy ing like
a spake in the grassy sideg of ponds. i

Comments :
(1) Body of the fish is long, about 1 meter in length.
(2) The colour of the body is brownish with numerous black spots.
(3) Body smake |jke. (4) Chief respiratory organs are two air bladders,
(3) The body is slimy without seales.

(6) Plh,t-,ﬂ and medjay fins are absent, Candal fin is reduced. A membraggyg Hap without
TYS 15 present around tail.

(7). Nostril valve opens abave the orbit.

Special fealure_
continuous with the gil) -

Ampiipraus has o respirntory aie sac on cach side of the peck bepjg
d
avity. the head and

Identification— By scaleless snake-like body.

mouth

caudal fin

Fig: 3-42. Ampkipnous.
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42. Plerois

Classification :

Phylum .. .cocosse Chordata

Suhphylim... ... Verlebrata

Superel ass. e, Goathostomata

ik, Sk il Osteichthyes Characters same as those of Laobeo.

Subefass...........Actinopterygii

Supererder........Teleostei

o [ T R Perciformes

THPE .. ssnsecnreess. Phevois (The Scorpion Fish), :
Geographical distribution— Prerois is widely distributed all over the world. Cretaceons o
Recent.
Habit and babitat—Prercis is a marine fish. Tt is sluggish fish. The fish adopts its
surrounding colour. Carnivorous.

Comments ;

(1) Pterois is commonly called as scorpion fish. _
(2) Head incompletely cuirassed, provided with membranous processes and spines and rest

of the body clongated and compressed.

(3) Body is covered with scales. Body is divided into head, trunk and tail.

{(4) Head is spiny, containing large eyes, nostrils and mouth.

(5) Pectoral fin is large and dorsal fin is provided with strong spiny rays and soft rays
containing poison glands.

(6) The spines infect serious and painful wounds.

(7) Air bladder physoclistic. {8) Gills pseudobranchiafe.

{9) Spiracles absent, (107 Skeleton is ossified.
Special feature—Pierois is dungerous, if attacked, using its tharp, grooved and dorsil spines like
hypodérmic needles, It injects stinging and piralyzing venom.

Identification—By spiny dorsal fin.

eye
nostril

mouth

operculum

pectoral fin

pelvic fin

Fig. 3-43. Prerois.
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43. Anabas
Classification ;
PRV vrnnnre cea-Chordats
Subphylum. ... Vertebrata 1
Swpercloss........Goathostomata
e o AR o Osteichibves Characters same as those of Laleo.
T T S Actinopterygil
Superovder.........Teleostel
Order................Percomouphi —» Perches, Dorsal and anal fins with spiny and soft fin rays.

Pectoral arch attached to skull by forked post-temporal.
Family. ..o Anabantidae

THEE . coeeevensseneAnabar {The Climbing Perch).

Geographical distribution— Anabas is distributed in Burma, Sri Lankaand Malaya Archipelago.
Upper Cretaceous to Recent.

Habit and habitat—Anabas is a common South Indian freshwater fish. It can live out of
water for a long period.

Comments :
(1) Anabas is commonly known as elimbing perch.

(2) Body of specimen is measuring about 30 em, and is olive green in colour.

(3) Body is covered by cycloid scales and is perch like. Body is divided into head, trunk
and tail.

(4) Head is conical containing large eyes, nostrils and mouth with small conical teeth.

(5) In front of the eyes there is a pre-orbital bone containing spines.

(6) Small spines also occur along the edge af the operculum,

(7) The dorsal and anal fins arc clongated, anteriorly situated almost below pectorals.

(%) Dorsal and anal fins are divided into anterior and posterior parts, supported by stiff
and soft rays respectively,

(9) The accessory respiratory super-branchial organ is well developed, having thin and
folded bony laminae covered with mucous membrane,  Air bladder physoclistous,

(10} Tail is perfectly symmetrical,

aperculum dorsal fin lataral line
eye hl. E‘ﬁ’:{ fﬁfﬁ caudal fim
ot t:* A $ IR EX AR %-.._:- i
nestril 4‘.’17,{:'3‘4‘ ‘? .;"5"‘,"'.;.""' § f SE * 393 Sk .@% P
Bia 03, *ﬁ RN DR
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*ﬁ.“- ‘l* '
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o ,“J "*‘l‘:ii " "“".Ji‘ :-‘ j:‘ .
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pelvic fir anal fin

Fig. 3-44. Anabas.

pectoral fin
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k-

kites attack them and take their bodies over trees, and
climbed trees. Bat the fish ¢annot ¢limb the tree.

it is asphyxiated if kept in water with no access (o air.

[ 6f

Special feature—Anabas is able to walk on land by spines in search of earthworms, The crows and

\kie fish is called as climbing perch, as the fish might have
.-Im:-.'.'n:a.-.- 15 30 much dependent on atmospheric oxvgen that
Fish can live out of water for a long period.

Identification— By dorsal and anal fins and their rays,

44, Exocostus

Classification :

Plolum ...l Chordata ]

Swhphylum ... ....Vertehrala |

Sruperelass... ... Gnathostomata Characters same as those of Laben,

o T T el S Osteichibyes

Subelass. .cunvren. Actinopterypli j

Order.......... --.Synentognathi - Flying fish, dorsal fin above anal pectorals high on hody,
T S ot o oy Exocoeris,

Geographical distribation—FExocoetus is distributed in tropical and warmer Atlantic and
Indian oceans.

Habit and habital—Exocoetus is found in sea, often skittering near the boats. It is pelagic
and feeding on prawns and young fishes and their eggs.

Comments :

(1)
(2)

(3)
(3)
(6)
(7)
(B)

(2)
(10)

noEiril.

meyth  eperculum

wing-like peotoral fin

Exocoetus is commonly known as Flying fish.

Body is elongated, measuring about 30-45 cm. in length, The sides of the body are
silvery white. Body is divided into head, trunk and tail,

Head is blunt and eyes are large. (4) Month is wide with testh in both jaws.
Body is covered with overlapping cycloid scale.

Lower pharyngeals unite as a single bone.

The dorsal fin and anal fin are short and are supported by soft fin-rays.

The pectoral fins are enlarged and in some the lower lobe of caudal fin is larger and
stronger; and by its powerful strokes the fish is able to leave water with force.

The pelvic fins are also developed and adapted for lifting the body.
Tail is hypoblastic. Ventral lobe of the tajl fin large. Oviparous.

dorzal fin

oy

laberal Tina pelvic Nn e

anat fin caudal fig

Fig, 3-%5. Exorcoeiyy.
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Special feature— Exocostus is not a true fyiog fish, Specially in warm sea, il emcrges 1o glide oF

the water. Pectorals act as wings, It also leaves waler 1o escape from larger fishes, such as Tunasas
Mackerels. The flying fish also serves as a food. The fish can glide over the surface of the water for &

400 meters.
Identification— By large pectoral fins and hypoblastic tail.

45. Syngnathus

Classification : -
PEAIUM . cvvnrsvirseserens-- Chordata 2|
Subphylimt. .o eers...os Wertehrata |
Supercless. . coviieeer....Guathostomatn
Cra it o ....Dsteichthyes }' A R ey
SubClass....oosnoeeesoen.Actinopterygil 1
Superorder.... ..ciueseens Teleostei ] :
(i T ¥ e g o F gLttt Solenichthyes -3 Pipe-fish and sea horses. Mouth at the end of tubular snol

male with brood pouch and Ons minule.

R e o d Rk P o Syngnathidae
TPDC. vannsiinsniny 4o mmiee Symghariis.

Geographical distribution—Syngnathus is distributed over greater part of the world.

Habit and habitat—Syngnathis is found in the Indian Ocean,
Comments : :

(1) Syngnathus is commonly known as pipe-fish. !I
(2) Body is elongated, covered by ring-like exoskeletal rinps, Anteriorly head is P rodiges

e

A

in the form of snout. -

(3) Gills are reduced. (4) Dorsal fin is present, while ventral fins 2r€ absent. W)
(5) Tail is heterocercal and slightly prehensile. (6) Fish awims in vertical positiod. i
(7) Oviparous. Fertilization is external.  (8) Males aye provided with broed pouch. ‘
1
Eutular span .

lataral ling .;p:r't'.llu"“' Lt il meslh

s

Plg. 3-46. Srngnaths.



Museum Specimens

468. Hippocampus

Classification :
Fhylum..onn Chordata ]
subplivium........ Yertehrata
Shperclass........ Gnathostomata
(o LT TR e Osteichthyes
Subclass. ......... Actinopteryeii
Superorder.. .o, Telensted
T o i et Solenichihyes
T v n s s smamt's Syngnathidae ]
TypE. SR s Hiprocampes.

= Characters same as those of Symgnathur,

63

Geographical distribution— Hippocampus has cosmopolitan distribution, found in almost all
warm sea waters, specially in India, Japan, Malaysia, China and Archipelago. Cretaceous
to Recent.

Habit gml habitat—Hippocampus is found in the Indian Ocean and is represented by several
species. They swim upright, swaying their tails and gyrating their trunks in graceful
manner, holding a weed with their tails, -

Commenis :
(1) Hippocampus is commonly called as sea-horse.
(2) Shape of the body is like horse neck and head. However, bady i3 divided into head,

(3)

(4)
()

(&)

(7}
(8]

(2)

(10

trunk and tail.

Head 15 produced into snout, Mouth
15 found at the end of the snout. Head
has eyes and is backwardly produced
into crest,

Some species have fine
filaments over the body,
Body is covered with ring-like exo-
skeleton of enlarged soft plates,

Gill clefts are reduced 1o a small
opening, Gills are of special type in
the form of special tufts and covered
by opercula.

Dorsal fin is single; ventral and caudal
fins arc absent.

A pair of small transparent pectoral
fins is foun d on either side of head.,

In females there is a small anal fin.
Males contain brood pouches, which
carry eggs until they hatch,

Tail is prehensile and curved. Entire
trunk region and tail are encosed in
bony and rin g-like plates, and due to
rigid exoskeletal armour, the sca-horse
swims in vpright position,

trailing

eye  opercalum gill
Opaning

tubular
snout

noseril

mouth

pﬂ:l_‘.ﬂra'l fin

Hippeeampus (Male),

Fig. 3-47,
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Specipl feature — Hippocanipus ja a wertically swimmi
appearance with arching neck and snout like horse, abdomen
monkey. Sea-horse is a very amusing and most familiar fish.

[dentification— By mere horse-shaped neck and liead very easy lo recognize.

ng fish., It has strongly deviated from s Jike
like pigeon and prehensile tail like 10gE

47. Echeneis

Classification :

Phylumiciiiicies Chordata 3
Subohylum. . conniaeees Vertebrata
Suparclass. i Gnathostomata ;

: f Sy fipes,
itk R Osteichthyes GNHFACIEFRMEAICME (M08 Ak ch FICEIHE
SODEIASS. o osrnrennessns--Actinopterygii i

Superarder. .. v vvnvesns Teleosted

OFdEr. cvvessreessinnse . DiscOCEphalE —» Dorsal fin modified into adhesive disk, other fins norm

and used for ordinary swimming.

Fammiily. . uenesrvanieees: Echeneididne
DL, s unmsmmne - binrennas EHETIELS.

Geographical distribution—The fish (Echeneis) is distributed all over the tropical and wa
seas but specially found on the south coast of England.

Habit and habitat—Echeneis is a common marine fish. Tt swims in water feeding on smal
fiches. It attaches itself by means of its adhesive disk to boats, turtles and other swimming

objects.

Comments :
(1) Echeneis is commonly called as sucker-
into an adhesive disk or sucker. By means o
skin of other fish. The adhesive disk is composed of sev

arranged parallel with each other.

fish. The first spinous dorsal fin is modified
f sucker it attaches to ships O with
eral flat and bony plates

pectoral fin

first darsal fin modified
Inco-a suctarial disc

imcllan
nostril - epe lateral line

o 7 candal fin J
.-_--.-II ! -
e e

= i T——\_—: )
peetoral fin

anal fim

gelvic fin B

Fig. 3-48. Echeneis. A—Head in dorsal view, B-—Fish in lateral view,
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(2) Pectoral fin inserted high up. (3) Supra-clavicle is much reduced.

(4) Ventral fin is with a spine and 5 rays,

{3) Body is ¢longated and covered with small scales, measuring about 1 meter in length.
(6) FPre-caudal vertebrae with parapophyses.

(7) Air bladder absent. (8) Tail homoeercal.

(9) Other fins normal and used for swimming. (10) Eves and nostrils present.

Special featare—The sucker-fishes are employed to catch turtles on the east coast of Africa by the
patives. The upper surface of the head contains a fAat oval adhesive disk which is modified spinous dorsal fin.
The disk consists of several lamellae-like stroctures forming suctorial funmel,

48. Plfeuronectes
Classification :

Fliylam.....ocvn . Chondata

T e 1T R Vertebrata ~‘

s e ¢ Characicrs same as those of Echentis
Bt 1T . R Actinopteryzil |

SUPErerder....u., Telcosted J

o T PR R e Pleuronectiformes = Flat=fish.

POV, comvinguias + Pleuronectidae

TIPE cavnnnenssninns LI EHPGHECT RS,

Geographical distribution— Pleuronectes is found in South America, Malaya and southern
hemisphere. Upper Eocene to Recent,

Habit and habitat— Pleuronectes is a marine bottom dweller in coastal waters lying on side.
It feeds on molluscs,

pectoral fin 7 ] s !
f .-r"
. i'lj# L

25 { e laceral line
nostril ll.a' "' caudal fin
L Ji"'
"‘”““‘\" * 29 "‘alﬁﬁ* :‘-—:;,_ =
oparculum Fi o ,.-. -r:%

Ftl'ﬁrll': Fln :“i] ﬁn

Fig. 3-49, Plesronectes,
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Comments :

(1) Pleuronectes is commonly called as flat-fish. ]
(2) The fish is asymmetrically flattened. The head is asymmetrical, the skull is twisted
with two orbits on one side in the adult and hence the fish is sinistral. The cyes are

found on left side. Body is strongly compressed.
(3) The right side is white and left side is coloured.

(4) The dorsal and anal fins are elongated, devoid of spines and continuous with the
caudal fin. Pectoral fins are placed high up.

(5) Body is covered by imbricate, cycloid or ctenoid scales.
(6) Air bladder physoclistous. (7) Spiracle is absent.  (8) Mouth 1s protractile,

Special fenture— Young Plewronectes is bilaterally ' symmetrical, but fish soon lics on one side and
lower ey migm|¢3 around so 1lat hoth Cyps ATE OO UpPper surface. The Hat-fish i3 also an 1mFDTIiI.ﬂt food
fish and is sought commercially to a great extent.

49. lLophius

Classification :

Plylum...............Chordata

Sebphiyfum..cve . Vertchratn

SUPErCI IR s iiicnis Gnathostomata

e Osteichthyes Characters same as those of Echeneis

Subclass . ..oooiinia. Actinopleryeii I

SHPEForder cen e v Loloosted

L Pediculati -» Dorsal fin consists of fexible rays with dilated tips.
Fawillp................. Lophiidae

D e e Loploaies.

Geographical distribution—Laphius is found in the Atlantic, Indian and Pacific oceans. IE
also oecurs on the coasts of Europe and North America.

Habit and habitat— Lophius is a marine scashore fish found upto 60 fathoms. It captufes
fish, marine invertebrates and birds. Deep-sea Anglers are found at a depth of 1,300 to
6,000 feet.

Comments :
(1} Lophius is commonly known as Angler fish.

(2) Body is depressed, dorsoventrally flattened, upliest and soft and measuring about
4 feet in length.

{3) The mounth is large, containing strong cordiform or recurved feeih.

(4) Gill opening is in lower axil of pectoral fin. {5) Pseudobranchiae are present.

(6) Evyes are large and lateral in position; nostrils small.

(7) The first dorsal fin is greatly modified. Its first three spines are nol united by fold of
skin and the first spine becomes rod-like and bears a fleshy mass or bait at its tip. The

bait is used to attract other fishes and small worms. When any curious and hupgry

animal comes near bait, it is ferociously attacked and eaten by Angler fish. The bait
15 called as illicium.

(8) Next 3 spines are united by a fold, while rest of the deorsal fin is supported by soft rays,
(9) Pectoral and caudal fins present.
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-
illiclum first dorsal fin spines second dorsal fin

pectoral fin

nestril

Eya
Fig. 3-50. Lophius,

(10) The male is small in size and attached to the body of the female as parasite.

Special feature—Lophing 1% deepaseq fish with modifisd dorsal fin as bait. Some of them contain
luminons biilbs i.e. they are bisluminescent, The minute male attaches permancatly to the female, their bodies

and blood streams growing together and speh parasitism is probably an adaptation (o cosure mating in the dark
depths of the sea.

Identification—By wide mouh and modified bait-like dorsal fin.

50. Tetradon

Classification :

Phylum...coee,. Chordain
Subphylum.... Vertebrata
Euparelass.....Gnathostomats

EJI.F'J,H' ............ nﬂﬁfhth"ti I:haruc[m same s those 1:'[ E[!h!ﬂ'ft.:-

Superclars. . Actinopierygii

Spborder.iac--. Teleosted

Order......co.... Plectognathi & Body globose, jaws short, teeth strong incizors, scales bony or Spiny

and gill clefis small.
Famiil¥. e Letradontidae

i | 1R R o Tetradon,

Geographical distribution—Tetradon is distributed in the Indian Ocean, Malaya Archipelago
and U.8.A.

Habit and habitat—Terradon

Comments :

(1) Tetradon is commonly called as globe fish or puffers.

(2) The colour of the body is light brown along the back and dark brown bands are found
from the back upto the sides,

(3) From snout to dorsal fin oval light spots are found in large numbers.
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Fig. 3-51. Tetradon,

{4) Body is rounded and can adapt according to need; it may be fattened or balloon-like.
(5) Pre-maxillaries arc upnited to maxillaries. (6) Teeth are fused to form a beak.
(7) There is one nasal opening on either side, found on a papilla.
(8) Spinous dorsal fin and venfral fin are absent,
(9) Abdomen contains dilatable sac. (10) Air bladder is horseshoe-shaped.

(11) Body is covered with small spiny, sub-imbricate bony laminae. Eycs large.

Special feature—The fish has commercial and medicinal value. The Japancse use the drie
the fish in making lanterns. Pish is also prescribed in diets in lupg infections.

d skin of

Identification—By bony sub-imbricate laminae.

51. Diodon 2

Classification :
Phylum............Chordata

Sabphvlum .oae. Wertchrata
sﬂﬂlﬂ'ﬂlﬂﬂ:;- AP T G“ﬂthnﬁmm“
(4 -, i |41 Tl i 23

Subelass . .on.. s hetinopterygii Characters same as those of Tetradon.

Superorder......... Teleostel

L o o Plectognathi
Family.. oeiovias Diodontidae
TYPE......cimerens- - Diodon.

Geographical distribution—Diodon is confined to tropical seas.
Comments :
(1) Diodon is commonly known as Porcupine fish.

(2) Body is rounded, plobose and covered with numerous flexible spines. The spines &fe
organs of defence; they are erected to protect from enemy. Some forms inflate their
bodies by swallowing water.

{3) The teeth are strong incisors, forming sharp edged beak,
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Fig. 3-32. Dfodon.

(4) Inter-operculum is rod like and attached to the anterior limb of sub-operculum.

(5) Gills are three in number. () Pre-caudal vertebrae contain bifid neural spines,
(7) Belly is inflatable, (8) Vertebrae are 21 or 22 in number.
(9) Scales generally spiny or bony.

(10) Skin leathery; anal and dorsal fins small, caudal fin slightly upwards and tail literally
absent.

Eum] fegtore—The III.'.I-T‘E-UpJ'T!E'- fizhes are pﬂ-iimnus and nﬂﬂ-tdib]ﬂ. Th’E-'}' attracted attention of the
eatliest times, as (hey were frequently preserved ag "curiositiss’.

Identification—8y flexible spines and globose body.

52, Ostracion

Classification :

PRYIIR . varnninne Chordata

Subphylom ... Yertebrata

Buperclass.. ... Gnathostomata "I

Class v ounepesseess Dsteichthyes |

Subclass. e Actinopterygil Churacters same as these of Teiradon.
Superarder s Teleostel

OFAEF. i ainriminas Plectognathi J

Farmtle conesnnre ans Ostraciontidae

TFPE cevvscainannnss Oztracion.

Geographical distribution—Ostracion is chicfly distributed in tropical seas, in Red Sea,
African sea, the Indian Ocean and Malaysian Archipelago.

Habit and habitat—0Ossracion is found in the bottom of shallow sea water.
Comments ;
(1) Osiracion is commonly known as Trunk fish or Coffer fish.

(2) Body is not elongated and is encased in a carapace, composed of large, juxtaposed and
hexaponal bony plates, Body is roughly triangular.
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dorsal fin

S caudal fin

glllepening pectoral fin ventral spines anzl fin anal spines

Fig. 3-53. Osrracion.

(3) Post-clavicles are much expanded; teeth incisor like and palatine immovable.

(4) Spiny dorsal fin and ventral fin are absent.

(5) Pectoral fin is enlarged and helps to form water current.

(6) Caudal fin acts as a rndder during rapid swimming. ;

(7) The colour of the body is olive brown with dark bands. A light blue spot is present

in the centre of each scute or bony plate.
(8) A compressed and small supra-orbital spine, directed upwards and backwar

present above orbit.
Identification—By bony plates.

ds, is
|

53. Protopierus

Classification @

I

Phylum...ccccovues Chordata

Subphylunt,......Yertebrata Characters eame as those of Labeo or previous fish. |

Superedass. ... Goathostomotn

Class. .. .ooses- JOsteichibiyes _ :

Subelass..........Chonnichthyes —» Mostrils coppected to mouth cavity, paired fins with larger m'-'-d-lﬂﬂ-l
lobe, |

Superorder.. ... Dipnoi { Dipneusti) —» Lung fsh. Body long and slender. Premaxilla or maxilla absent
air bladder lung like, Devonian to Recent.

O FDET o eversmanin Lepidosireniformes — Body eel like, scales small, burrowing fish.

THPE. . ...c.cvmea Protepteres (African Jung fish).

Geographical distribution—Profoprerus has wide distribution. It is found in the great African
continent, the Nile, Congo basin, Lake Tanganyika. Devonian to Recent.

Habit and habitat—The fish is adapted for burrowing life. It lives in burrows made in':'
muddy water. In dry season, they retire to vertical burrows (nest) in mud lined with'
mucus.



Museum Specimens

By

MG

darsal fin

aparculum

palvic fin anal fir

Fig 3-34. Protopieris,

Comments :

(1)
(2)
(3}
(4
(3)
(6)
(7)
(&)

Body is elongated, cylindrical, eel like and is completely enclosed by cycloid scales.
Head contains small eycs, nostrils and mouth.

The dorsal and candal fins are continuous,

The pectorals and pelvic fins are reduced to slender appendages and without fin rays,
There are six branchial arches and five clefts.

The larval gills are retained as vestigial organs throughout life.

There are two lungs extending throughout bady cavity.

Fish comes on surface to engulf air, (%) Lateral line well devcloped.

Special feature—FProfopterys in an nic-breather fish, Protoprerns annectens and 2 other species of

Contral Africa retire to burrows in mud, where mucus dries up to form “cocoon’ With lid and a tube leading
1o mouth of the fish for breathing. It spawns after return of water.

Tdentification— By slender modified appendages.

54. Lepidosiren paradoxa

Classification : Same as those of Profoprerus.

Geographical distribution—Lepidosiren 15 distributed in Amazon and Paraguay basins and
plains of South America.

Habit and habitat—Fepidosiren inbabits swampy places. It makes burrow lined by mucus
in muddy water.

Comments

(1)
(2)

(3)
(5}
(6]

(7)
(2)

Lepidasiren is commonly called as South American lung fish.

Body is elongated and eel-like, measuring 3 feet in length and covered with cycloid
scales.

Gill slits are 4 in number. (4) Eves are comparatively reduced.

The paired fins are reduced to slender styliform appendages formed of jointed axis.
During breeding season vascular filaments develop on the pelvic fins of the male. The
filament is considered to be respiratory.

The fish has two lungs, {8) Glottis is provided with a movable epiglottis.

Caudal fin and anal fin continuons, (10) Lateral line present.



7Z ] Practical Zoology : Verte
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Fig. 3-55. [Lepidosiren. 1

' u |
Special feature—Lepidosiren shows parental care forming L-shaped nests. The fish aestivales in misd
during dry season, but it has o cocoon formation habit.

Identification— By reduced styliform paired appendages.

55. Neoceratodus |

Classification :

Subphyium........Vertehrata
Superelass........Goathostomata
O [ P Osteichthyes
Subelass: . .;.......Choanichthyes
Superorder. oo Dipnoi L
e i Meoceratodiformes
THPE . cuv- o onnee . NEDCEPAIOGNE A

Geographical distribution — Neoceratodus is found in Buret and Mary rivers of Australia
and in Queensland. Triassic to Cretaceous.

% Characters same as those of Preiaprerus.

Habit and habitat— Neoceratodus inhabits quiet pools that become stagnant during dry season, -
when the fish rises to the surface to engulf fresh air into lungs. It feeds on small crustaccans
and worms.

Comments :

(1) Neoceratodus forsteri is commonly called as Australian lung fish (barramunda).

(2) Body is elongated, measuring 1-2 meters and covered with distinct large overlapping
cycloid scales,

(3) Mouth iz small.
{4) Paired fins placed low, pectorals ncar the head and pelvics near the tail,

=iy paddle hke pectoral fin lataral ling cycioid 5 #e
1 .
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Fig. 3-36. Nroceratoous.
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(5)
(7)
(8)
(11)

Fins leaf-like or paddle-like and archipterygical,

FPlumonary vasculated air bladder (lung) opens into the oesophapus by a long duct.
Lung not bilobed.

There is no larval stage and hibernation.

(2

Eyes small.,

73
(6) Tail is diphycercal.

(10) Lateral line present.

Special featore —Neoceratodies forster! is the only living species and is considered as living fossil.
The paired fins are modified into paddles. The skeleton of these fins is peculiar, because in each fin there

is a cenotral axis bearing radials of different sizes on both sides,
and contains a series of alveoli.

The internal surface of the lung i3 sacculated

Lung respiration supplements gill respiration.

Identification—8y paddle-like paired appendages.

NATURAL HISTORY

Amphibians mainly live in water or damp places; none in salt water, They are the commaonest in
maist lemperate regions but some are tropical; one frog ranges into Arctic Circle and tree frogs occur above

12,000 feet in Sierrz Nevada of Californi

F. MUSEUM SPECIMENS OF CLASS AMPHIBIA

Some toads are tree toads and live in deserts, Some are noclurnal,

The hell bender (Cryprefvranchnsy, mud puppy  (Necturus) and Congo cel (Amphivma) are stpictly aguatic,

Some frogs are purely arboreal,

Land salamanders hide under stones and logs.

Amphibians partly pass

their life in water and partly on land (Gr., amphi=duoal: bios=life). They are the lowest and earliest {etrapod
evolving from Devonian and onwards.  Amphibians have educationn], experimental aod food value.

Outline Classification of Amphibia

It iz divided into the following orders—

Orider
Order

Orader
Crder

Order

slegocephalin

Urodeln or Caud
() Snborder......

...Labyrinthodontin e g., Ervope.
cene.- Gymmophions or

Apoda e.g., fehtlipophis, Gymmophis, Urgestyphins.
ata— |1 is divided into the following suborders :

Proteida . g., Neciurus, Protens, Triton.

(&) Snborder......Cryptobranchoidea e, g., Cryplobranciis.

(€) Subarder......
(d) Suborder

Ambystomoides & , Ambystoma.

...... Salamandroidea e, g, , Salomondra, Trifuris.

(e} Subarder....., Amphivmoiden e.pg., Amphinma,
(f) Suborder......Meantes or Sirenidea e p., Siren.

(o) Suborder......
Family.

{J’J Eh'fl'a.h::l'rr.,..
{1y Family._
{di) Fartile.,
() Sborder......
Fomiiy..

(d) Suborder...
{1} Familp..
(ify Family..
(i) Family.,
(iv) Family.
(e} Swborder....
(Y Family.,
(i} Family.
(i) Family..

coes-Balientia or Anara

Amphicocla

. Ascaphidae e r, Ascaphns, Liopelina.
Dpisihocoela

Discoglossidae e g., Discopl ossus, Bombing and Aiyes,

Pipidac.e,g., Pipa, Xeropns.

Anomocogla

Pelobatidae e, p., Pelobates, Seaphiopus.
... Prococla

Palaeohatrachidae ¢, ., Palaeobairachos.
Bufonidae ¢.p., Bufo, Leprodactylos.
Brachycephalidae ¢ g, Brackycephalus.
- Hylidae e ., Hyla, Gastrotheia.

< Diplasiocoela

Ranidae e.g., Kama,

wPolypedatidae e.z., Rhacophorns.
Microlvlidae e.5., Microfyla,
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56. [chthyophis

1

Classification : ;
B T[T, Chordata —+ Dorsal tubulated nerve cord, notochord and gill slits present. !
St e e ves Vertebrata —¢ Inlernal skeleion of cartilége or bone, spinal cord forming main axly

snd compozed of overlapping vertebrae, nervous system dorg) m“:
alimentation, complex brain, red blood and two pairs of appendiges
Superelass,...... Goathostomata - Jaws and paired appendages present.

Clo55: cavann e Amphibia — Coldblooded | scaleless glandular skin, can live in water and lang, Wy
occipital condyles, heart three chambered and non-maring. '
Dreler..u..........Gymnophiona —+ Vermiform Amphibia without limbs or limb girdles.
or Apoda
AN o e ¥ fefirfivophis,
vestigial
trunk o

oy .':-'.'|_ T :'?h x‘:'\:{\"‘\-‘h ';.\'L w 1 E St P 2L -
- .z3&:__-5-'g-'jﬁ%t;;;a@-:g;.4;}.;3;&;:{_# izl .,_a-is%,,*-ﬁlﬁ: i1y

lidless eye : — ——H_' Pl

Fig. 3-57. Ichihyophis,

Geographical distribation—JIchihiyophis is distributed in tropical regions and found in Iﬂl:[ia_J
Sri Lanka, Philippines, Borneo, Java, Scychelles, and Mexico to Argentina.

Habit and habitat—/cfithyophis live, burrow and Tead a fossorial life in moist ground. T
animal is blind and adapted for burrowing life. [t feeds on invertebrates.

Comments :
(1) Fehthyophis is commonly called as caecilian,
(2) Body is worm-like and slender, measuring about
30 cm. in length,

{3) Body is covered with minute scales which are
concealed in skin .

(#) Limbs and limb girdles are absent.

(3) Skin smooth with transverse furrows and both slime
glands and squirt glands are present. Squirt glands
discharge irritating fluid.

(6) Skull compact, roofed with bone.

(7} Head contains eyes, nostrils and a pair of sensory

tentacles, Tympanic membrane, tympanic cavity and
columella absent,

Fig. 3-58. [Iclthyaphis,
Feémale guarding its eges.

(8) KEyes lidless, often beneath skin or maxillary bone.
present between eye and nostril,

(9) The laryngotracheal chamber is prolonged into a distinct trachea.
elongated, while left lung is reduced,

(10) Vertebrae are many and amphicoelus, Anus is sub-terminal.

A small protrusible tentacle is

Right lung is
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(11) Males are provided with eversible copulatory organ, which shows advanced characters.
Fertilization internal. Female's cloaca is everted like copulatory organ; eggs are laid in
moist burrows, Mother coils around eggs till they hatch into tadpoles.

Special feature—The Iehtfyvophis resembles Amphibin in having a 3-chambered heart, conus arteriosos,
urino-genital organs and brain like Amphibia, but it differs from living Amphibin in having scales in dermis,

meroblastic cges and larvae without gills. The animal also shows parental care, as the females take care of the
epgs till they hatch,

57. Uraeotyphlus

Classification : Same as thase of Iehthyophis.

Geographical distrihuliun—-Umm;ypjrjw has been reported from India, Malaya, South Africa
and South America,

Habit and habitat— Uraeotyphlus also burrows in moist ground,
It feeds on small worms,

Comments :
(1) Uracotyphlus is worm-like and elongated.
(2) Limbs are reduced due to burrowing habit.

(3) Head iz small, body is clongated vermiform, which is
covered with naked skin,

(4) Several small dermal scales are embedded in the skin.

{3) Eyes are non-functional, indistinet and concealed beneath
the slimy skin.

(6) Between eves and nares, a sensory pit-like structure is
present.

(7) Dorsal side is dark green and ventral side white.

(8) Respiration through lung. Right lung is exceptionally large
and sac-like,

(9) Tail is extremely short,

Anus sub-terminal. Fig. 3-59. Uracotypiius,

58. Necturus

Classification :

Phylume s aiiiiiinner e Chordata

Subplivlom, . ..., Vertebratn

Superelass. . c.co.ci. Guathostomats Characters same as those of Ifchithyophis.

[ i A oo Amphibia J

Order. . i, Uroidela or Caudata = Scaleless Amphibia having well developed tail, penerally
with two limbs, with or withoot external gills and gill slits
in adolis.

Sebarder. ... vese PrOteidn = Body depressed, (pil with fin, pills permanect, eyelida

! absent, lungs present acd permanently agquatic.
Famtil Vi ivaid aviissnn Proteldae

P et e e i o MNecrirus.
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imouth - forelimb hindlimb caudal fin

Fig. 3-60, Nectfurus.

Geographical distribotion— Necturus is found in North America and chiefly in Arkansas river,
Carolina and Hudson rivers. Cretaceous to Recent.

Habit and habitat—Necturus is an aquatic salamander of rivers and lakes of U.5.A. Itis a
crawling animal on the bottom. It eats small fishes and invertebrates.

Comments :
(1) Neeturus maculpsus is commonly called as Mud puppy or Water dog.
{2) Body of the animal is rusty brown with blackish spots and measuring about
30-40 cm. in length.
{3) The head is depressed and demarcated from the trunk by a constriction.
(4) The limbs are short and weak and provided with four digits only, First digit is lost,
limbs are adapted for crawling only. '

(5) The tail is laterally compressed and provided with tail fin. It is the main organ of
progression. The limbs are meant for crawling only on the bottom of the rivers
and lakes.

(6) Evyelids are absent and eyes are small.
(7) Tympanum and organs of Jacobson absent; lungs present,
(8) Behind the head on each side there are three bushy-red coloured, distinct external gills,

Besides external gills there are two gill slits on cach side. Breathing is by only
external gills.

{9) Mud puppy mates in autumn when females take up spermatophores deposited by
males; lay eggs in May or June, 18 to 180 eggs in mests attached individually by
jelly stalks to undersides of stones. MNests are guarded by females. Eggs hatch in
38 to 63 days into a larva, which matures in 6 years to full size.

Speclal feature—The adult is supposed to be permanently neotenic larva with three pairs of cxternal
gills, two pairs of gill slits, lateral line, cartilaginous skull, with larval circulatory system and withou|

Jacobson's organ. Experimentally, metamorphosis in Necturus could not be induced. [tisa very intercsting
and favourite animal,

Identification—By 7 pajrs of external gills,
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59. Fmteus-

Classification :

PIperm vneen s cesamannsns, Chiordnta

Subphplum........cooesra. Vertebrata ]

SUPECIAES v iaraninnirsnns Gnathostomata |

Cla8E. oo merarnres senn Amphibla Characters same a5 those of Necfurus.
A e T Urodela ‘L’

Sirborder. o it aiararass Proteidn |

Family. . i iviziveriainns Proteidae ]

R vk s Mmmacset £t Protens.

Geographical distribution— Protens is distributed in South-castern Eurcpe, Austria and
Germany. Eocene to Recent.

Habit and habitat—Profeus inhabits in the waters of deep cave in perfect darkness in the

underground streams. The temperature never exceeds more than S0°F. It feeds on small
crustaceans.

Comments :

(1} Protens is commonly known as olm or cave salamander.

(2) Body of the animal is clongated, measuring 20-25 cm. in length and is covered with
unpigmented skin.

(3) Head is broad and rodimentary eyes are sunken deep in the head without eyelids.
(4) Gill slits are two in number, Lunps arc present.
(5) Limbs arc poorly developed, a hind limb contains 2 digits and a forclimb 3 digits.

(6) Locomotion by the flattened and finmed tail which is compressed and provided with
caudal fin.

(7} Skull cartilaginous, Both jaws have teeth.

(8) Three pairs of carmine-coloured external gills are persistent. The animal often rises
to the surface, gives out a bubble of air and engulfs fresh air in lungs.

Special feature—Profeus is 4 permanent neotenic larva with 3 paies of gills.

Identification—2By gills, limbs and caudal fin.

gxrarnal gills crunk il eaudal fin

noseril

forelimb

Fig. 3«61, Froftus.
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60. Cryptobranchus

Classification :

Pilplum...ocnneea.- Chordaia

Subphylum....... Vertebrata

Superclass...... .Gnithostomata Characters same as those of Nectarus.

Cla8s cennromerr oo Amphibia

Order.......co...Urodela 3

T (1] o - o, Cryptobranchidea -» Body depressed, skin soft, Habby with fleshy folds, eyelids absent,
permanently aguatic. Oligocene Lo Recent.

Family...covennis Cryptobranchidac

BT (e e Cryplabranchus.

Geographical distribution—Cryptebranchus is commonly found from Louisiana (America} to
Ohio (Japan), in Eastern Asia, and New York, Miocene 1o Recent.

Habit and habitat—Cryprobranchus is found in running water with rock slabs. It feeds on
small worms, small fishes and erustaceans.
Comments :
(1) Cryptobranchus is commonly known as hell bender.
(2) Body is elongated and depressed measuring 60 vms.
(3) Skin is soft, flabby with fleshy folds at sides.
(4) Head is broad. (5) Eyes are small without eyelids.
(6) Gills absent in adults; but the first gill cleft or spiracle remains open and acts as
excurrent opening for the water taken into the mouth during buccal respiration.
(7) Vomerine teeth are parallel to jaws,
{8) Anpgular and pre-articular of lower jaw are separate,
(9) Sexes are separale. (10) Spermatophores are absent.

(11) Fertilization is external and breeding season is late summer; females lay cgEgs about
300 in number in rosary-like strings. The larvae hateh in November and take several
Years Lo maturc.

Special feature—Crypiobranchus has primitive features, such as open spiracle, absence of gills and
presence of 4 epibranchials,

Identification—By side skin fold.

caudal fin
Eriink i
branchial o pening
T ﬂil-h!l * Tk - e el L o II
iy B Rl = 3 e

e . £ N e

. "EI""h. aprh ' 5 .':--* - --I ST

I g T —

hindl :

ndlimb - skin fold forelimb lip Told

noserile

Fig. 362, Cryptobranchus.
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el. Ambystoma

Classification :

ol T R Chordata

Py Tatell T Yertebrufn ]

SUPCFCIISs . asicasnnan Gnathostomata Y Characlers same as those of Necturns,
e 1T e e et Amphibia .

n e o A Uradela J

Subarder.ve. oo oo Ambystomoidea

— Teeth in trapsverse row across posterior marging of vomers,
none on palatine bones, eyelids present and verichrae
amphicoclus,

Famify i i Ambystomidag

................... Armlivstoma.,

Geographical distribution—Ambysroma adult is terrestrial, found in North America, Central
Mexico and the United States, Upper Cretaceous to Recent.

Comments :

(1)
(2)
(3)

(4)
(3}

(6)

{7)
()

(10)
(11)

Ambystoma is commonly known as Tiger salamander or Spotted salamander.

Body is lizard-like, i'lELﬁng transverse grooves and 15 measuring 18-20 cm. in size.

The Spotted salamander (A, "iﬂt”jﬂ“un} has round :."E:I].Cl'li'.i' and oranpe gpots over body,
while Tiger salamander (4. tigrinum) has more spots extending over belly.

The external gills and tail fin are absent.

Head is depressed with large mouth and contains eyes and a pair of poison glands,
called as paratoids.

Prevomers short and deveid of posterior processes, teeth across rear margins of vomers.
No teeth on palatine.

Eyelids and lungs are present, (8) Vertebrae amphicoelus,

The limbs are well developed; forelimbs and hind limbs contain 4 and 3 digits
tespectively.

Sexes are separate.  Fertilization internal.

Ambystoma lays egps near pond. The eggs develop into larya, known as Axolotl larva,
Special feature—The axolot] larva is famous for neoteny.

nastril

Fig. 3-03. Ambysiom.
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62. Axolot! lLarva

Classification :

PRyl o issansasss s Chordala
RTa 0T, TS Vertebrata

Eupercloss........... ... Gnathostomata
(/-1 L

rereeesnne mphibia

[0 | 4 e e e sl Urodela

Suborder......ccoeiii. Ambystomoides

FOmiitR . eeines
PP s

vere e Ambysi omidae
winnnenanren A xofon] larva

Comments :

(1)

(2)

()

(4)

€5)

{6}
(7)

(8)

(2)

hereditary and environment. A, maxicanus

The axelot! Jlarva was previously
considered as adult form and called as
Siredon., Later on, it was found to be
larva of Ambystoma,

The larva has three pairs of external
gills and four pairs of open gill clefts,

The larva is perennial, measuring about
104 inches in length. The larval body
15 divided into head, trunk and tail.
Tail is provided with caudal fin.

It becomes sexually mature and lays
eggs. This phenomenon is called as
MNeoteny or Pacdogenesis.

The reason of retaining larval character
and postponement of metamorphosis
from aquatic to land animal seems to
be due to abundance of food material
and other favourable conditions.

The metamorphosis to adult becomes
difficult as the larva grows older,

The axolot]! larva n captivity meta-
morphoscs in adult,

1t has also been seen that metamo rphosis
can he induced by injecting thyroid
mjections into axolotl larva,

Axolotls of six months or more are
easily induced for metamor phosis.
The partly metamorphosed terresirial

animals can be again induced to go
back to Jarval stage,

Speclal feature—The phenomencn

Characters same as those of Ambysroma,

= Teeth in iransvérse row across posierior marging of vomers,
poné on palatine bones, cyelids present and
amphicoelus.

vertebrae

MEsEr mouth eye

gxternal
gills

forelimb

hindlimb

Fig. 3-64. Axolor! larva,

of neoteny or paedogenesis is elther du
. ; 8 (o lack of iodine or
5 5Upposed to be genetically neotenic,
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63. Salamandra
Classification :

Phylgm ...........Chordata -]

Sufiphiplum. . . ovie YWertehratn

Superclass....... Goathostomata Chiaracters same as those of Ambysroma,

L Amphilia

EF 1 ) o Urodela

110 T [ Salamandroidea = Teeth in roof of mouth behind nares, lungs present, gills abzent,
evelids present,

BRIy Saluimandridae

Jint T RO B Solamandra,

Geographical distribution—Salamandra is distributed in Europe, Eastern Asia and North
America, Eocene to Recent.

Habit and habitat—Terrestrial Salamandra commonly inhabits under logs, stones, cracks and
crevices of the old walls.

Comments ;

(1) ‘Salamandra is commonly known as fire salamandra.

(2) Body is lizard like, males measuring 12-15 cms. in length and female is longer than
male,

(3) The body is brilliantly black coloured with irregular patches of yellow on the back and
limbs,

(4} Forelimbs and hind limbs well developed. They clearly stand out from the trunk and
lift the body well above the ground,

(%) Head contains prominent eves and nostrils.

(6) Tooth-bearing extensions of prevomers along parasphenoids present,
{7) Lungs present. Gills and gill clefts are absent in adults.

(8) Vertcbrae opisthocoelus, (9) Inter-auricular septum perforated.

(10) Eyes are provided with movable eyelids, The large paratoid glands are present behind
the head.

hindlimb faralimb

Fig. 3-6%. Salomandra.
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Special feature —Tail is without tail in. Body is fpotied all over. Some forms like 5. "'”f”h‘mn-ﬂ-

viviparous. The cpgs develop in oviducts, Larvae have giils which are shed before hatching,

Identification— Ry spoited body.

64. Triturus

Classification :

Ploplum. .o Chordata
Subphylumi. c..c-oo. Vertehrato

Superclass..........Gnathostomala Characters sume as those of Ambystoma.
L T 1 111111411+

L oy ety Urodeln

Family e, Salamandridae

T_T'ﬂ'-l’.-'u srssrmennrserns D ETLHFIIF,

Geographical distribution—Trifurus is distributed in U.S.A. from California to southern
Alaska, and Europe. Eocene to Recent.

Habit and habitat— i urus 15 terrestrial,
Comments :
(1) Triturus eristatus is commonly called as European Crested Newt,
(2) Body is elongated and cylindrieal,
(3) Male dﬂ“ﬁlﬂps a crest and begomes brilliantly coloured in breeding seasomn.
(4) Head is ¢onical and compressed, containing wide mouth and small nostrils.
{5y Tail is E]ﬂngated, thick and provided with dorsal and ventral fins without fins rays.

(6) Ttis modern y4iled Amphibia, (7) Girdles and sternum are primitive.
(8) Gills are absent; respiration by skin and lungs.

(9) Thelarval gts5. 5 provided with three pairs of pills, which are lost in adults.

Sudal fin il trunk Tye mascril
L]

e LT "".."‘-_ 'F..'- Sl 5 i ’ . -|!..l ey
L el T i tir "y Hitne,

hindlimb ‘f{-"‘b{ yi B ’Ll'f':':

Fig. 3-66, Triturus. A—Female. B—Male,

Zaan sl ool
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(10) Vertebrae opisthocoelus.

[dentification—By thick tail and crest in male.

65. Amphiuma

Classification :

Fhylum,...........Chordatn

Sulipfoiem.. ... Verichrain

SUrerelass.. ..., Goathestomata Characters same as those of Ambysroma.

N e ey s Amphibin

L Y R, L'rndela

Suborder.......... Amphiomoiden = Hody cylindrical, eyelids absent, adults contain gills, lungs and gill
slits and small limbs with 2 or 3 toes.

Family........... Amphiumidae

i iy e Amphima,

Geographical dislrihutiun—.rfmphr'zmza is distributed in Missouri and Virginia {United States).
Eocene to Recent,

Habit and habitat— Amphiima is commaonly found in swampy meadows and in rice felds,
It feeds on molluscs, crayfishes and small fishes,

Comments :
(1} Amphiuma is commonly known as Congo eel.

(2] Body is covered with smooth and black skin and animal measures about 90 cms,
in length,

(3) Eyes are well developed and functional, but without eyelids.

(4) Limbs are poorly developed, rudimentary and do not help in locomotion. Toes
2or3

(3) Gill clefis are two in number, (6) Lungs arc present, Trachea is long.

(7) Eggs are laid in water and female coils around the epgs till they hatch.
apecial feature—Amp

filuma is also g D"-"J'El'll'li-ﬂir partly metamorphosed salamandrid derivation with
small eyes.  Amphivma has 1

Argest erythrocytes, measuring 50 microns,

i :
nostril lidless eye trtmk vut al hindlimb

s

] faaia i
=y i
i) R Al

e el |..ﬂ.4.--___!:_ \

tympanum vestigial forelimb

Fig. 3-67. Ampkinma.
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66. Siren
Classification :
g LT 1] F— Lhordatn
Bubphylum. .. coe Yertebrata
Seuperelass......... Gnathostomata Characters same as those of Ambysrama.
Class. cvveessee =eeAmphibia
(B L R e e Urodeln

+ Body slender, hind limbs and eyelids absent, gills persistent, jaws with:

horny covering and permanently aguatic.
Famithe. i ivavan Sirenidae

R EIE e g e = En S Ira,

Geographical distribution—Siren is found in the United States, chiefly in Virginia, Indiana,
Florida and Texas, Pleistocene to Recent.
Habit and habitat—Siren lacortina is found in the burrows, muddy ditches and ponds.
Commenis : :
(1) Siren is commonly known as mud eel.
(2) Body of the animal is slender, elongated and measuring 75 ¢m, in length.
(3) Head is conical with small eyes and nostrils. (4) Jaws with horny covering,
(5) There are 3 pairs of external gills which are persistent, Gills slits one pair.
(6) Eyes are without eyelids.
{7) Forelimbs are small containing 4 digits, while hind limbs are abscnt.
{8) Tail is provided with small caudal fin. (9} Body is covered with small papillac.
(10) Cloacal glands are absent. Fertilization is probably external.

Special feature—Siren is also a permanent larval form with only a few adult features.

Identification— By slender body, gills and only forelimbs.

nostril aye exearnal gllls trunk

forelimbs

Fig. 3=68. Sirem,
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&67. Bombinator

Classification :

oSS

PRV c vtsurisiriiies Chordata - Dworsal tubulated nerve cord, notochord and gill slits presend.

Subphylnm.............Yertebrata

appendages,
Superelnss....oininis--Gonthostomata
Class
A [ 2 s s Anurn - Scileless Amphibia,
o Tt Oipisthovoela
§ ot g d | R W Discoslossidae
B s Bombinatar,

=» Internal skeleton of cartilage or bone, spinal cord forming main

axis and composed of overlapping vertcbrae. Nervous system
dorzal to alimentation, semplex brain, red blood and two  pairs: of

— Jaws and paired appendages present.

............... o oo Amphibia ~ Cold blocded, scaleless glindular skin, <an live in water and land,
two accipital condyles, heart three-chambered and none marineg,

Tail, external gills and gill slits absent.

or Salientin Both hind limbs and forelimbs well developed.

- Vertebrae opisthococlius, ribs free.

Geographical distribution—Bembinater is found in Europe, Eurasia and China. Miocene.

Habit and habitat—Bombinator lives in standing water with hygrophytic vegetation.

Comments :

(1)
(2)

(3)

(4)

(3)
(6)
(7
(8}
(2]

(10)

Bombinator is commonly known as
fire-bellied toad.

The body of the animal measures about
3 cms.

The dorsal surface is black or grey,
while ventral surface iz bluish black

with irregular red or orange patches
looking like fire.

Tympanic membranes and wvocal sacs
are absent.

Eustachian tube iz small.
Vertebrae opisthocoelus.
Tongue and eyelids present.
Adults have ribs,

Forelimbs and hind limbs are well

developed. Hind limbs are enlarged
for leaping,. Webhed toes,

Egg deposition and  fertilization

external by *'clasped” male and female.
Larva is tadpole.

) 74 poscell

dorsal
gurfaca

cloaca

Fig. 1-6%, Bombinaror.

Special featurc—Bombinarar irnem is common fice-kBellied toad: The abdomen and entire veotral
surface is brilliantly coloured with bluish-black and jeregular red or orange patches. Dorsal surface et ot
olive-black. When disturbed, it exposes its belly against the enemies, The shaking water gives a Bame-like
appearance and hence called as fire-bellied toad, When the toad is disturbed on land, head i thrown back,
limbs turned upwards, belly is exposed with coloured patches and teeth produce hissing sound.

Identification— 2By coloured paiches on abdomen.
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68. Alytes
Classification ;
Pl R Chordata '}
BYTTT e I B Yertebrata '
SHPETCIaEs. e Cnathostomata
DI o bl e 4 v Amphibiza Characters same as Lhosc of Bombinaior,
Order..cvsiwecer e AN
PO T T T e Opisthocoela
Rl Discoglossidae
iy - — (15 F.T
Geographical distribution — Alyres s nostril ye Eympandm

found in European countries. Miocene.

Habit and habitat— Alyfes is an amphi-
bious toad.

Comments :

(1) Alytes is commonly known as
Midwife toad.

(2) Body of the animal has warty
surface, grey, brown, green or
red coloured and is measuring
5-8 cms. in length.

(3) Upper jaw toothed, and trans-
verse process of sacral vertcbrae

dilated.

(4) Vertebrae opisthocoelus,

(3) Tongue is in the form of rounded Fig, 3-70. Alyes.
non-protrusible disc.

(6) Males are without vocal sacs. (7) TLarva contains median spiracle.

(8) Tympanum is large, (3) ' Eyelids are present. Adults have ribs.

(10) Fertilization and egg deposition external,

Special feature—The mid?rifl:- tead has pecaliar breeding hubit, The male toad massages the cloaci
of rl:!n?.h:l with the strokes _nr' its toes. The female Jays eggs in strings and the male toad winds the strings
containing eges around posterior body and thighs and {i goes in moist carth, Occasiopally, the male rioead

comes in water for dip to moist the eges.  When cges develop to tadpole stuge and ready for hatching, the
toad comes in water and larvae hatch.  ‘This shows parental care.

69. Pipa
Classificalion ;
e BT Rt Chordata
L T LI Vertchrata
Superclass,.......Goathostomata
Plagl o g e Amphibia ¢ Characters same as those of Hembinator,
[ % T A
Buborder. . oune. Orpisthacoela
Family . coe Pipidae
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Geographical distribution—Pips is commonly lound in northern South America. Miocene,
Habit and habitat— Pipa is strictly aquatic.

Comments :
(i} Pipais commonly known as Surinum
toad, tentacle aye
(2) Body of the animal has shabby looks

with a triangular and depressed head.
Eyes arc small,

(3) Upper part of snout is produced into
irregular flaps and tentacles,

(4} Tongue and eyelids are absent.

{3} Dermal papillac are prescot.

(6) Jaws do not contain teeth, but have
horny substitute. tadpoles

(7) Euwstachian tube opens into  the
pharynx.

(%) Forelimbs are small and papillae star-
shaped, having sensory processes
while hind limbs are fully webbed,

(%) The skin contains poison glands,
{10} Vertebrae opisthococlus.

Special fepture—The  brecding  habit  is
peculine. Female toud shows  parentol  care.
During breeding season, the skin of female becomes
#oft. The male clasps the female nid presses. the
female and eggs come cot, The mile alto releases
sperms  which fertilize éges. The fenilized epps
-attach to the back of the female. Each epg is
enclosed in a vaseular pouch eovercd with oper-
culum. The cmbryo develops volk sae and vaseular
tail for excliange of metabolites,  Gills ara not
formed and fully-developed young ones come ot
from the pouch. The female chanzes its back skin
afler embryos escape.

70. Bufo
Classification :
Plodamr oo 2L Chordata
Submuplni, ... ... Vertehrata
Superelass .. Guathostomnta Characlers same as those of Pipa,
(G {7 2 PRI 111 1 151
AR i o Aninea
Suboraer.. ... Procoeln = Wertebrae progoelus and urostyle with double condyile,
Familin. Sl Bufenldye —5 = Troe toads,
R e e ) i fir

Geographical distribution—8ifo has world-wide distribution. They are abundantly found in
India, United States and the Pacific state of Alaska, Miocene.
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Fiabit and habitat—Bufo is terrestrial, nocturnal, hiding under logs and stones orf it bu
in day. It enters water only to breed and spawn.

SEOURmIENTE - : nostril parotid glands

(1) Bufe is commonly called as
true foad.

(2) Bufo differs from frog in
having rough, dry and warly
skin with more poison
glands than mucous glands.

(3) Behind eyes there is a pair
of large paratoid poison
glands. The skin is more
or less of protective nature
than respiratory.

(4) Eyes are large. Hind limbs
are short and provided with

horny tips.
(5) Webs are poorly developed.
(6) Maxilliary teeth, sternum Fig. 3-72. Bufo.

absent and ventral parts of
pectoral girdle overlap (arciferous). Sacral vertebra has dilated transversc proceiessy

(7) Liver is bilobed.
(8) Glands of sirammerdans absent, Yerlebrae procoelus. Urostyle with double condyle
(9) Eggs are pigmented and laid in gelatinous string.

(I0) Young toads mature in many Ycars.
and bufogus

Special featore-——The paratoid glands of the toad secreie iwo toxic substances bufotalus
if swallowed

These toxins cause naused, respirdtory and muscular disturbances and also effect heart functioning,
by man. Hufo molancsticiys 15 found upto 3000 meters in the Himalayas,

71. Hyla
Classification :

PR i ek Chordata ]

Subplipliitt .., Vertebeata l
SRaperelass:. .. Ginathostomata

Class, . ... Amphibia Characters same as those of Bufo,
Chreder . e ey - AT

ERBorair crannans Procoela

FaarrtilV. v innmnn s Rylidae == Tree toads,

T WBE, nrrasnmr-aen YT OFDOFED.

Geographical distribution-—Hyla is commonly distributed in India, China, United States,
Africa and Canada, Miocene.

Habit and habitat— Hyfa is arboreal in habit, living on trees and rocks,

Comments ;

(1) Hyla arboreg is commonly known as tree frogs.
(2) Body of the animal is adapted for arboreal life and is measuring 3-8 cms. in size.
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eye nostril

adheslve
discs

forelimbs

trunk

klndlimbs

ek adhesive

cloaca discs

Fig. 3-73. FHyla,

(3) Terminal bone of each digit is claw shaped and all toes contain expanded adhesive
cushions, which are used to climb trees or rocks.

{4} UFF'E]' iﬂ.“' is toothed and transverse PrOCESSEs of sacral veriebra are dilated.
(5) The lower jaw is without teeih (edentulous).
(6) Eycs well developed with horizontal pupil. ¢7) Tympanum is distinct.

(8) The skin on belly contains hygroscopic glands which help in adhering the frog with
leaf, twips or stem, :

(9) Voiee often loud, {10} Fertilization external. Eggs are laid in waler.
“ I} DEV‘E!GFII‘I'ICHII :i]'ll:.':]l,‘ldes. tﬂdpﬂ.lg laryva;

specinl feature— Hyla arborea, Hyla versicolowr and Hyla regita eto,, are all tree-living frogs, are
adapied from amphibious to arboreal life. They also change their colour nccording to their environment agd
show camoullage o mimicry, 1

Identification—By adhesive disks in limb toes.
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72. Rhacaophorus

Classification :
Phylum i Chordata
Enbphyiem........ Vertebrata
Snperclass... ... Goathostomala Characiers same as those of Hyla.
[ fale w L e Amphibin

Order. .o.mosessere AT

Suborder ... Diplasiocoeln = Peotoral girdle [used (o sternum.
Family.....ococaPolypedatidae —  Old World tree frogs.

TPOC. cssiisanness RlTGCOpNOr IS,

Geographical distribution—The tree frogs or flying frogs are found in Africa, South-castern
Asia, Japan and Madagascar. Miocene,

Habit and habitat—Rhacophorus is a tree-living frog. It remains calm and quiet under stones
or on trees and comes out during twilight.

Comments :
(1) Rhacophorus is commoenly known as flying frog or tree frog.
(2) Head is broad and somewhat conical in shape,
(3) Eyes with evelids well developed. (4) Tympanum behind the eves.
(5) The belly narrows posteriorly. (6) Body is slender and limbs are elongated,

aye noscrli web

Lympanum

Erunk

Fig. 3-74. Rhacophories.
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(7) The forelimb contains well-developed webs in digits. The digits also bear adhesive

cushions at tips. The digits of hind limbs also contain web. The digits also contain
intercalary cartilages.

{8} The flying frogs climb on trees and walls and occasionally glide and while alighting on
ground, the webs are spread like parachute.

(9) Eggs are laid usually in gelatinous foam over water, placed in the shallow water of
pools and rice fields.

(10) Females are larger than males.
(11) Rhacophorus has power of rapid colour changing.

Special feature— Rhacophorus shows extreme degree of adaptive radiation in frogs as it has acquired
the power of fiying or parachuting while alighting from trees.

G. MUSEUM SPECIMENS OF REPTILES

NATURAL HISTORY

Class Reptilia includes lizards and snakes (order Sqoamata), the turtles and tortaises {order Chelonia),
crocodiles and Alligater (order Crocodilin and tuatars {order Rhynchocephalia), These represent only 4 of the
16 orders that lived and Bourished in Mcsozoic era. Reptiles are first vertebrates adapted for life on dry land.
The class name refers to the mode of travel (Latin reptum=to creep). Reptiles show advance aver the
amphibians in having (1) dry scaly body covering, adapied to life away from water, (2) limbs suited for rapid
locomotion, (3) further separation of oxygenated and non-oxygenated blocd in the heart, (4) complete
ossificition of skelelon, and (5) eggs stited for development on land with membranes.

Most repiiles live in tropital and subtropical regions, their number declining towards poles. Turiles
and snnkes are abundant in humid regions. Reptiles have radinted towards all kinds of habitat i.e. land, water
and air., In winter they lend dormant life, hibernate in crevices, Spakes are injurious to mankind and still
man fears them very much, Many kinds of snakes and lizards benefit man by providing food, by destroying
harmful rodents and insects. Skin of snnkes and crocodiles is of great economic importance.

Outline Classification

A L LTH Chordatn
Sobphvium ... Vertcbratn
Srperclars.. ... Grathos tomata
(11 e Reptilia
1. Sebclass.inii.i.. Anapsida
(@) Order......Cotylosaurin—Stem reptiles, e.p.  Sevnsouria.
() Crder.....: Chelania

(7} Suborder.. Atheca, e g, Dermochelys,
(it) Snborder...Thecophora
Family (1 Testudinidae, e.y. Chryremys, Terrapene, Teatindo, Kachupa,
Familp {2) Chelonidae, e.g. Chedone, Carciia.
Fuamily (3) Trionvcholdae, e.p. Triomx,
2. Sebelapriii... Parapsida—All extinet, oo Jeltfoosanris and Merosanrns.
3. .".i'hl'.lli'urdx.r..-,,...__]Jinpxiﬂu
(@) Crrder...... Rhynchocephalia, e.p. Sphesodon,
(b) Order....... Squamnin
(f}  Suborder,. Sauria or Lacertilin
Family (1) Geekonidae, e.p Henidactyius, Geoka,
Famitv (2) Igemidae, e.g. Anolis, Phrynosoma, Sauromaluy, Tguana and Crotophytes.
Fauriily (31 Agamidae, e.g. Agamu, Draco, Melech and Calotes,
Famtily (4) Selneldie, o0, Mobuia.
Family (3} Chamaeleontidae, v.g. Chamaclean,
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Family (6) Varanidae, ¢.p. Faranus.

Family (7} Helodermidae, e.p. Heloderma.

Family (&) Anguidae, e g, Ophiosanruy, Riineurs,

(if) Suborder,,.Ophidia (Serpentes)—It includes snakes which are grovped in the following families s
Family (1) Typhlopidae, ¢.g. Typhiops.

Family (2) Leptopyphlopidae, e.p. Leprotyphiops.

Fomiify {3} Anilidae

Family (4) Boidae, e g, Pvihon molorus, Ervx johail.

Family (5) Uropeltidae, e.g. Uropeltis,

Family {6} Colobridue, e.g. Pryas mucosis, Nareix, Dendropliis.

Family (7) Dasypeltidae, ¢ g, Elachistodan.

Family (§) Hydrophiidae, e.¢. Hydrophis.

Family {9} Elnpidae, ¢.p. Crofalus, Bangarus, Nofa nafa, Nefa foannak, Elaps.
Family (10) Viperidae, e.g. Fipera russell, Aneistrodon (pit viper).

(o) Orderi...l Crocodilia, e.g. Crocedilus, Gavialis and Alligaror.
(7 ) [ " ol Peevdosaurin—Extinet, & . Saltopsendan.
{¢) Order..... . Sawrischis—Extinct, e.g. Tryanosaures, Brontosaures and Diplodocus.
(F) - Order.....-. Ornithischia—Extinct, e.p. fpuanedon and Tricerarops.
() Order ., Prerosauria—Extinct, Ptevanodon and Riamphorfyaeiis.
4, Shbelars... ... Syanpsida—Mammal-like reptiles, e.g. Foranosauruy and Dimetrodon.

73. Testudo

Classification :

B e e Chordata = Dorsal tubulated nerve cord, notechord and gill slits present. |
LTl 5T Vertebrain —» Tnternal skeleton of cartilage or bone, epinal cord [orming mr—"

axiz and composed of overlapping vertebrae, neryous sysiem
dorsal to alimentation, complex brain, red blood and two pairs of

ippendages,
1ol o |2 b S CGnathostomata -+ Jaws and peired appendages present.
AT e A Reptilia —+ Scialy vertebrates with light &nd left aortic arches, single Gﬂ“ﬂﬂ'ﬂ:
pulmonary respiration and embryo with amnion and allantois.
B ] 1 o R Anapsida == Primitive reptiles, skull completely roofed over.
R R T Chelonia = Turiles, tortoises and terrapins.
Suborder. e Thecophora — Thoracic vertebrae and ribs fused to carapace,

Family. .iviennseescceens Leatudinfd ae

areed Extudde,

Geographical ﬂistrihﬂtiﬂi!—l"eﬂﬂdﬂ is widely distributed in Galapago Islands, Africa, Europe,
India and Sri Lanka, Jurassic to Recent,

Habit and habitat—Tesrvdo 1s found in fresh water or =alt water or on land. It feeds on small
worms and ingects, It also hibernates during winter season.

Comments *

(1
(2

(3)
(4)
(6)
(7)

Testudo is commeonly known as giant land tortoise,

Body of the animal is encased in a rigid shell of dorsal carapace and ventral plastron
which are joined at sides.

The carapace is convex, devoid of nuchal plate and containing polygonal scales.
Plastron is concave. (3) Carapace is covered with polvgonal scutes or leathery skin,
The neck is band like and can be withdrawn into shell.

Teeth absent. Jaws with horny sheaths. Quadrate immovable.
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(8)

o3

forelimb

hindlimb

Fig. 375, Tesrnda,

Thoracie vertebrae and ribs usually fused to carapace.

{9) Anal slit lengthwize, Copulatory organ single.

(10)

Skull roof solid, no openin g behind eyes. Stumpy tail present.
Speclal feature—The feet are udapted for walking on land. <The cluwed digits contain only two

phalanges. Oviparous, Eges are laid in holes (nests) in ground, dug and covered by females. Toes not webbed.

ldentification— By Polyganal scales,

74. Chrysemys

Classification - Same as those of Testudo.

Geographical llislrihutinn—fi‘hry.-.:em_r_v 15 commonly found in I“'Eﬁa-'f Sl s, RU‘S"T"
Galapago Islands, Eu rope, Asia and Africa, except Australian region. FEocene to Recent,

Habit and habitat—Chrysemyg iz a commaon freshwater form, but is adapted for amphibious
life. It feeds on insects, worms and other animals.

Comments :

(1)

(2)

{3)
(4)

(5)
(6)
(7)
(8)

Chrysemys is commonly called as
pnintei_:'l terrapin, 1 Sty
Body is encased in g bony armour cail

of dorsal carapace and ventral
plastron. The nuchal shield g

elongated and narrow, Keel ahsent,

Plastron is provided with trans-
verse hinge.

b -.':f."-'-' r
%/’ tiind fimbe plustran fore limb

The costal and neyral plates of the Fig, 3-76. Chrysemys,
Carapace are convex and dome-shaped,

Marginal plates communicate with the plastron.

Head is triangular tontaining eye, mouth, nares and tympannm,

There is a fold of skin behind the head.

Forelimb and backwardly directed hind limbs well developed. Middle front toe with

3 phalanges, Toes partly webbed,
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(9) Temporal vacuities are absent. n
(10) Meck is retractile. Neck, limbs and tail contain beautiful and brilliant coloured stripes.

Identification—By webbed roes.

75. Kachuga tectum

Classification : Samec as those of Tesiudo.
Geographical distribution—Kachuga is distributed in Indian rivers, specially Ganges.
to Recent.

Eocene

They concentrate especially at

Habit and habitat—Kachuga is commonly found 1iu TivVers. : : _
bathing places and also at places where dead bodies are disposed in water. Their food
consists of both plants and animals.

Comments :

fiemd mauth

(1) Kachuga is commonly called as
tortoise.

(2) It is an armoured reptile showing
gradation between terrestrial and _ : )
aquatic extremes. ¢ 0y ds . s,

(3) Body is encased in carapace- 3

plastron box. marginal plotes
(4) Outer surface consists of leathery
skin. _
(5) The first three neural plates of pinCimb 1 plastron #3ro |nnb
the carapace are produced into Fig. 3-77. Kachugo.

backwardly directed spines,
(6) Head is retractile into the carapace.
(7) Head contains several crests and is brightly coloured. (8) ‘Tail is stumpy.
{9) Limbs terminate into clawed and webbed digits,
(10) Eyes are provided with eyelids and mictitating membrane.

Identification—By dorsal spine.

/6. Chelone

Classification:
Pl cicevaci e Chordain
T 1T T Verichrata
Swperclass...... Goathostomuta
ClAa st es Reptilia Characters same as those of Tesfnda.
Subelags. .. Anapsidy
. . onney s Chelonin [
Suborder..........Thecophora
POl sanass oo Chelonidae

Trpecisi e Chelone.
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external ear opening

carapice

cyc
noscril
mouth

forelimb — T T

Fig, 3-78. Chelone.

Geographical distribution—Chelone is distributed in tropical and subtropical regions and

chiefly found in the Indian, Pacific and Atlantic oceans and coasts of the United States.
Cretaceous to Recent,

Habit and habitat—Chelone mydas is a marine reptile. They come ashore only to lay epps,
Comments ;

(1)
(2)
(3)

(4)
(3)
(6)
(7
(8)

(%)

Chelone mydas is commonly called as green turtle.
It measures about 110 cms,

Body case is rigid. The carapace js flat, heart-shaped and covered with smooth
hony shields,

Plastron is joined to carapace by ligament and osteoderms of plastron have large
unossified space in the midd]e.

The dorsal shields are juxtaposed fitting closely into each other. Costal shields 4 pairs.
The head is covered by single pair of prefrontal shields.

Eyes well developed, provided with eyelids and nictitating membrane,

Limbs fiipper like. The forelimbs form wing-like paddles. Ouly first digit is clawed
while hind limbs clawed.,

Jaws contain denticulate edges. (10) Head is partially retractile into shell.

Special feature—The sea turtles are economically imporfant; because their armour is utilized for

various purposes and their flesh is edible, being very delicious, Clielone weighs about 200 1bs. and is much
valued for food,

Identification— By fiipper-like limbs.

77. Trionyx

Classification 3

Pliplum........ o0 Chordata 2
Subphivlum.... ..., Vertebrata
SHPErelass. ... ... .Gna thostomata

CAS5- 1 vaniarsnsan . REptilia I Characters same as thoss of Chelane.

Subelare, ... Anapsida
Orader. o vasnninn. o Chelonia
Suborder....... . Thecophara

rﬂ”lh’l}'d L L LR -pTrI{I“rtlll}idlﬂ
T¥pe.....covvrevinnn Triomyx.
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Geographical distribution—Trionyx is widely distributed in India, North America, Alrica,
Asgia and Malaya Archipelago. Cretaceons to Recent,

Habit and habitat—Trionyx gangeticum is a common freshwater and pond terrapin.

Comments ?

(1)
(2)
(3)
(4)
(3)

(6)

(7)

(83
(%)

(10}

Trionyx is commonly called as tortoise or eye _-Nost

soft river terrapin. \ )r’{\
Body is flat, oval and encased in bony shell. extern:| ear
The skin is smooth and leathery. ' i 'L.-"' openingy
:::::?;f.:.l surface is olive above and yellowish farelimb K I|| ciawed digits
The carapace is fused with vertebral column :
and ribs.

Carapace consists of 9 median vertebral
plates corresponding to trunk vertebrae and
fused with the flattened neural spines of
corresponding vertebrae, To these a median
nuchal and 2 precaudals are added.

Lateral parts of carapace is composed of
8 cosial plates. DMarginal plates are added
to costal and precaudals,

Plastron best seen in inner surface consists

of a pair of epiplastron, a median ento- hindlimb

plastron and paired hyo, hypo and xXiphi-

plastron. i caranats
Only neck and tail vertebrae are movable. Fig. 3-79, Trionyx.

Feet are broadly webbed and only three
inner digits are clawed.

Head is pointed with greenish or blackish lengitudinal streaks. Lips are feshy.
Horoy beak is absent,

Specinl feature—Oviparowns. Epgs are lajd outside water. Recause of rigid shell the breathing

movemenis are produced by prolrusion of (he head, movements of girdles, limbs and pumping action of

hiyoid,

Identification— By clawed digits, webbed feer and longitudinal streaks over head.

/8. Sphenodon

Classification - -

Phwlsmt.. e Chirdata

Subplyfum. ... Nertebrata

Superelass, ... Grathoslomata Characters same as those of Triomx,

e R T

Subelass., ... Diapsida —* Repliles without temporal openings separated by the post-orbito-

squemosal arch,

ﬂfﬂrff.".“.""...irqﬂh}'ﬂﬂhﬂtfﬂhﬂ“ﬂ = Living IE'EEH, “'.l!-I.ITIIrlIIE-I:: ribs iiﬁE[t headed and with  uncinate

R AR e

process and vertebras amphicenirous,
-..Sphenodon punctatum,
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Fig. 3-80. Sphenodon,

Geographical distribution—Sphenodon is found in New Zealand and specially in the islets of
Bay of Plenty, Permijan to Eocene and Recent,

Habit and habitat— Sphenodon lives in burrows, leads semiaquatic life. It is nocturnal and
eats insects, molluscs or small invertebrates. It also produces frog-like croak.
Comments ;

(1) Sphenodon puypeiatus is commonly called as Tuatara,

(2) Body is lizard-like having dull olive-green colour with white and vellow spots and
measuring about 75 cms.

(3) Animal contains scaly skin, long tail and four pentadaetyl limbs adapted for walking.
Several erest-like, spiny scales extend along mid-doreal line,

(4) The skull contains two complete fossae, quadrate is fixed, postfrontals aré separate
{only in Sphenodon) and upper jaw has beaks,

(3) Mandibles joined by ligament,

(6) Teeth acrodont, sternum present and vertebrae amphicoelus.

(7} Between skull and atlas is proatlas, {8) Caudal vertebrae have chevron bones.

(9) There is prominent parietal eye with retina, lens and nervous connection to brain. It
15 photosensitive.

(10) Viscera like lizard, Abdominal ribs present.

(11) Sphenodon pogsesses several primitive features guch as two temporal fossae,
ﬂ.mﬂh_fﬂﬂl‘!]:llﬁ vertebrae, rib-like ossification in abdomen, uncinate process in ribs and

beak in upper jaw.

Andl opening transverse.  Male without copulatory organ. About 10 eggs with hard

white shell are Jaid in holes in the ground. Eggs require 13 months to hatch, Breeding
season 1s November to February.

(12)

Special feature — Sphemdnn punctatus 15 the important Heing fossil, Tt has survived from Permian and
i fast approachiog towards extinction, It is protected by law, The taatara contains several primitive features,
such as (wo temporal fossag, amphicentrons vertebras, pineal ecye, uncinnte processes in the rib, vomerine
tegth in young. horny back on upper jaw and absence of copulatory apparatus in males. Tuntara is close to the
type from where a1l dia psid reptiles might have originated. :

Identification— By row af erests on the back,
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79 Hemidactylus

Classification :
Phylam o Chopdata

YL afe 'y 71 PR v ta

gﬁf-ﬂ::- ........ Ef:;tt':lhnr:tnmnm Characters same as those of Sphenodan.

o8 e SR Reptilin

SBCIONE, o fieasian Diiapsida i

= P R Squamata s+ Lizards and snakes with horny epidermal scales or shielc,

guadrate bone movable, vertebrae procoelus and anzl
opening trafsverse. ol i

Suborder. ... Sauria or Lacertilia = Lizard's body slepder, limbs 4, pterygoid in contact Wi
guadrate and eyelids movable.

Farrily. . oeivere s daechnoidae & Toes provided with adhesive piuds.

T P Hemidaciyiius.

Geographical distribution—Hemidactylus has world-wide distribution and is | chiefly found In
India, Europe, Asia, Africa, United States of America, Sri Lanka and China.

Habit and habitat— Hemidactylus is a common house lizard found 1n every home. Nocmrnﬂi}
in habit. During winter they hibernate under wood, logs and crevices of the walls. Wa

- : ¢ : i brates,
lizards are adapted to walk on walls, They feed on Insccls and small inverte
Hemidaerylus is a fast runner,

eye
Comments ; nostril ¥

(1) Hemidactylus is commonly known as wall lizard. external ear \n\

s : opeanin

(2) Body is slender, measuring 25 cm. in size _anr.i PEMHIE
covered with minute small scales and divided
into head, trunk and tail,

(3) Head is triangular containing eyes, nostrils and
external ear opening.

(4) Forelimbs and hind limbs well developed. Toes forelimb
are provided with rounded adhesive plates or
pads for climbing.

(5) Tongue protrusible.

(6) Many wall lizards produce sound,

(7) Quadrate bone movable. Only supra-temporal
arch present, -

(8) Eyes lack movable eyelids.
(9) WVertebrae amphicoclus. (10) Egg shells caleified.

Specinl feature—The tail is broken from any place and
again regencrates, although small in size; because vericbrae do
pob regenerate,.  The' tzil contains intervening uncossified zone

between vertebrae which are easily broken and then répengrate.
This js called as antotomy.

hindlimb

claws

The wall lizard iz adapted to walk on walls, roofz and on
smooth surfaces, The walking is cffected by the dilated digits,
which contain doublé series of lamellae and work under viacuum
principle. The digits are first pressed over wall and then released

gently to create o vacuom, by which they remain adhered to wall
and are able to walk.

Fig. 3-81. Hemidacrylus.
Identification—Wall lizard is well familiar even to a lay-man and can casily be identified,
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80. Gecko

Classification—Same as those of Hemidactylus.

Geographical distribution—Gecko has cosmopolitan distribution but s specially found in
Asian and European countries,

Habit and habitat—Same as those of Hemidact vius,

Comments *

(1)

(2}
(3
(4)
(3)

(6)
(7)

(8)

Gecko has similarity in appearance with Hemidaetylus

and is also commonly called as house Gecko or wall
lizard,

Body is divided into head, body and tail,
Head is small, body and tail are elongated.

Fore and hind limbs are adapted for walking on walls
and smooth surfaces.

Digits contain vertical lamellae functioning as adhesive
pads,

Tail regenerates if broken,

Intercentra represented by bony clements formed by
the ossification of the ventral portion of the disks.

Geckos emit a peculiar little yapping bark when
disturbed.

&871. Phrynosoma

Classification ;

bl \Qy'm“n“m

mind limks

clawed digit
Fig. 3-82. Gecko.

Blevlie. . ..,.. Chordata
Sebphylum.. YVertehrota
Superelass ... Gnathostomatn
Class..cooeeen. Reptilia

S a5s, e e DHapsida

[ e 4L Bquamata

Suborder.. ... Lacertilia or Sauria |
Family........ Ignanidae

W TR Phrymosama,

¢ Characters same as those of Hemidactalus.

Geographical distribution— Phrynosoma is a New World lizard and is chiefly found in Eastern
Washington, Kansas to California and Mexico,

Habit and habitat— Phrynosema is well adapted for desert life. Tt lives on dry ground and

sandy places.,

Comments :

-

(1) FPhrynesoma is commonly known as Horned toad,

(2) Body of the animal is broa

enlarged like

d, flat and spiny. The scales of the head region are

horns and spiny scales are found all aver the body.
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nostril eye external ear
opening

crunk

hind!imb

Fig. 3-83. Phrynosoma.

(3) The undersurface is covered with keeled scales,
(4) The dorsal surface is yellowish grey.

(5) Head contains 5 spikes on each side, one post-orbital, three temporal and one pecipital.

(6) The sides of the lower jaw project in the shape of prominent jedges and are pmi.ﬂﬂl:ﬂ_
by a series of small spines.

(7) Undersurface of thigh contains pores in both sexes.
{8) Tail is short and spiny.

(9) Tomgue is fleshy and non-protrusible. Eyelids are complete. Teeth are usually
homodont.

(10) The nostrils are pmvi-:ledhwiih valves, which prevent the sands to enter into nostrils.

Special feature—Phrynosoma is well adapted for arid zone living. During night It burrows.

Identification—Ey rough skin and spines all over over the body.
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82. Iguana
Classification :
o T PR Chaordats . B
Subp e e YVertehratn
Superclass....... Lnathostomata
ClasS. oo, Reptilia w Chariciers same as thoss of Pliryrorsma.
SUDEIBEE. . vanas Digpsida 5
[ ] F T R Squamata
Suborder. ... Lacertilia or Sauria
PO imvisins Ionanidae ]
it s e ol lgiiana,

Geographical distribution—J/guana is found in tropical countries. It is distributed in Mexico,
West Indies and Southern and Central Ametica.

Habit and habitat—Teuana is adapted for active running and climbing. Tt feeds on leaves,
fruits, some insects and small vertebrates.
Comments :

(1) Body of the animal is compressed with long tail and is measuring 2 meters in length.
(2) The body contains lance-like spines along mid-dorsal line,

(3) The neck region contains pendulous, extensible and fleshy fold of skin, which helps in
courtship and rivalry.

(4) Limbs are normal. (5) Teeth are acordont like and fizsed to the sides of jaws.
(6) Tongue is fleshy and mon-protractile. (7) Eyelids are complete.
(8) Both sexes have femoral pores, (9) Digifs are clawed.

(10) The animal is also used as food by mankind in tropics.

Identification—By median row of spines on back and tail.

external ear opening eye nostril

clawed digits

< ."ﬁ"r T
"'"E‘i'.' g
' !"Eﬁr;:ﬁ

Fig. 3-B4. [guwana,
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83. Crotaphytus

Classification—Same as those of Jguana.
Geographical distribution—Crotapiiytus is widely distributed in West Indies, Mexico, Southern
and Central America.

Habit and habitat—Crotaphyrus is a land lizard adapted for fast running and can jump like
frog. It is nocturnal, carnivorous, oviparous and capable of changing colours.
Comments : head nare oy

(1) Crotaphytus is commonly called as collared
or inflated lizard.

(2) Body is divided into head, trunk and tail.

{3) Head is small containing mouth, eyes,
nares and tympanum.

{4) Neck iz small and in male possesses a
dounble black collar and female has a slaty
grey narrow collar.

{5) Limbs are stout, clawed and elongated.

(6) Eyes have movable eyelids.

{7) Tongue is small.

(8} Teeth pleurodont.

{9) Vertebrae procoelus,

(10) Tail is elongated and narrowly pointed.

glongeted
clawed
digpit

Special feature—The lizard shows brilliant plg-
meniation specially during breeding season. The abdomen
15 Inflated. The male is bright green colowred and the

body sarface is adorned with yellow spots. Females are \

: Fig. 3-85. Crotaphyins.
grey colodred. The tail brezks in danger i.e. it shows & rolap
sutotomy.

Identification— By collar and inflated abdomen.

84. Draco

Classification :

Phylum.........,..Chordata

Subphplunt.......Vertebrata

Superclass,....., JWrnathostomata

[ L Reptilia Characters same as those of feuana,

771 Te L Diapsida

Crderi ... Squamnata

Suberder.......... Lacertilia J

Family............. Agamidae
TVPEL. s e s DR OG

Geographical distribution— Draca | g 3!
: g 15 commonly distributed : B
Europe, Africa, Asia and Australia. ¥ ibuted in Burma, India, Malayasia,
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Habit and habitat— Draco is arboreal, living on trees. It feeds on small insects.

Comments :

(1

(2)

(3)
{4)

(3)
(6)

(7}
(8)

(9)
(10)

Prace macularus is commonly known
as fiving dragon or flying lizard.
Body of the lizard is dorso-ventrally

compressed, measuring 15-22 cm. in
length,

The neck contains three hooks,
Below the neck there are sac-like
structures known as gular pouches,

which are larger in males than females
and they help in copulation.

Limbs are normal.

Teeth are heterodont and attached to
edges of jaws,

Tongue is thick and short. Some
with throat sac or dorsal spine.

Eyes are small with small eyelids.
Tympanum behind the eyes,

Tail long, slender and whip like.
VYertehrae procoelus.

sSpecial  feature—Draco shows  extreme

adaptation for flying life and thus avoids its enemies
on the ground. Most significant structures ire mem.

branouws wings or patagiz, which are formed by
lateral expansion of skin and are supported by the

pataginl ribs used to volplane from a height.  Flyving

lizard is adapted for climbing and gliding

from

highet to lower branches. Praso is brilliantly and

nascril eye flap-lika

appendage

tympanum

hook

TJ?FF PRLAZ LMY

hindlimb

tail

Fig. 3-84. Drace.

beautifully coloured like flowers of tree in which it lives and thus it shows camoufiage (mimicry).

Ideatification—By patagium,

85. Moloch

Classification :

Pl Chordata

Subphylum......... Vertchrata

Superclass........Gonathostomata

e R e Reptili

=G P Dri!:]:l:illll?n Characters same us those af Brace.

Orderi.cocivenniees, . Sqnamata I

Suborder..,....uu... Lacertilin !

Tl Amamidan J

Type

................. Muoloch horeidus,
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spines

noscril

mauth

Fig. 3-87. Moloch.

Geographical distribution—Moloch is found in Australia.
Habhit and habitat— Maoloch is also adapted for dry conditions and it is ant-eater.
Comments :

(1) Moloch horridus resembles in appearance with the horned toad.

(2) Skin is rough and highly hygroscopic which absorbs meisture from the atmosphere.

(3) Body of the animal is elongated and is adorned with heavy armour of scaly 5Pi{“35'
Head spines are largest. Spines cover the body on all sides. Tail spines and limb
spines are smaller in size, Trunk spines are thicker.

{4) Head contains mouth and nostrils.
{5) Eyes well developed with eyelids and rounded pupil.
(6) Lateral teeth of the upper jaw are implanted horizontally and directed imwards.
(7] DMouth is small. (8) Limbs are normal (pentadactiyl).
(9) The heterodont teeth are attached to the edges of jaws (acrodont).
(10) The tongue is thick and short.

86. Calotes

Classification :

Phyfgem, . oocciennsnivany, JChordata

Subphylerd, oo ovivuinaa . Yirtehrata 1

Superalasfioi e Gnathostomata

S e [ Characiers same as those of Drco
S e Squamata

Suborder......ciaiieiav Lacertilia I

L e s Apamidae L

e SR e
Geographical distribution— Calores is found in India, Malayasia and China.

Habit and habitat—Calotes is adapted for arboreal life and slight disturbance or any noise
causes the lizard to run away swiftly. It feeds on small insects.
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clawed digits spines external ear opening ey Comments :
iy (1) Calotes is commonly
i -'--‘:""i- T ..if-j -I. ; 2 knnwn 3'5 'I.Ilmﬂ
P ."3‘.;:“, ) i e sucker beeause of the
—..,-,-_-;ﬁg'ﬁ;fi‘::%fi?h{@%{;%:'i red colour of neck.
i:ﬁ%';':ﬁ" ﬁéﬁﬁiﬁ Its common name in
S B S Hindi is girgitan.
38T e I'."_I'I-\‘I' "-H -\,.'11 ":-.'| .l-':'l "" ‘-'l = —
TR s ~§. B A (2) Body is elongated,
; feg slender and measur-
hindlimb il ing 30 ¢m, in length,
(3) Body is covered with
rough scales and
Fi animal contams a
8. 3-F8.  Calates; crest of spines in
mid-dorsal line.
*i (4) Head is broad and distinet.
(5) Gular pouches are apsent,
£ (6) Limbs normal,
/ (7) Teeth usually differentiated (heterodont) and attached to edges of jaws
(acrodont).

tail
(8) Tongue short,

(9) Eyes with eyelids,

(10) Tail elongated and does not break.
Spoecial feature— Colores is also famous for colour changes, The original colour is
olive green, but during courtship, colour changes to yellow and head becomes red. The colour

chinges are largely governed by temperature and ehvironment aind also by hormunes from
pitsitary, The colour pigments are present inskin. During breeding season, male acquires

brilliant colours and a gular pouch also develops in neck, The male changes colour during
couriship and fights for female:. Viviparous,

[dentification—B8y back spines and long poeinied tail.
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&7. Mabuia

Classification :

T Chordata ‘r

Subplwlum. ... .o ..n. Vieertehrati

Superclass, o) Gnathostomata |

v [ 1 . Reptilin ¥ Charicters same as those of Calotes.
Subclossiencninniis .Dippsida |

(10 1T — R Squa mata J

Subarder o Lacertilia

Family  cuevarenene s een. Bloneidae
By RS . . 1. T B
Geographical distribution—Mabuia is commonly found in India, Burma, Bangladesh and

China.
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Habit and habitat—AMabuia is adapted for burrowing life and sub- cumnauﬁﬁ’ﬂ
consequently head contains small eyes. r

| ——hesd

g'_/-'—iare fifsh

Comments :
(1) Mabuia is commonly called as skink.
{2} Tt 1s, in first look, mistaken for small snakes.
{3) Beody is reddish-brown in colour and vermiform.
{4} Entire body 15 covered with small scales.
{(5) Limbs are slender and weak.
(6) Femaoral pores absent and teeth pleurodont.

Special feature—This reptilian lizard shows relrogressive convergent
evolution.

&8. Chamaeleon

Classification ;

PRy e Chordata 7 Fig. 3-89. Muabuig,
Swbphylum......... Vertebrata

Superclass..,......Goathostomata

A58 vurmvmnnneneres REPLilia - Characters same as those of Calotes,

Subflase. ook Diapsida

L = LV L8 s 1]

Suborder, . vvesie- Lacertilia g

Famlly. .ovizivaine oz Chamaeleontidae

T HPC nsuivnns winsnnan OGS COM,

Geographical distribution—Chamaeleon has world-wide distribution. It is found in Africd,
Madagascar, Southern Arabia, Spain, Europe, Asia, Syria, India and Sri Lanka.

Habit and habitat—Chamaeleon is arboreal. It feeds on insects,
Comments =

(1) Chamaeleon has compressed body and elongated tail. It is adapted for arboreal life.
(2) Head contains a projected helmet formed by squamosal and eccipital bones. Head
angular.

(3) Teeth are acrodont and are found on maxillarics and mandible. Premaxillarics and
palate without teeth,

(4) Eyes are large and covered with a thick glandular 1id pierced by a small central
opening for pupil. Eyes arc adapted for bimocular vision; they work independently
while catching insects.

(5) Tongue projectile, tip of tongue club-shaped and mucus coated. The tongue can be
shot several inches beyvond head end to catch insect or prey.

(6) Limbs well developed. The toes are adapted for grasping and opposed 2 versus 3
digits. The fusion of digits is called syndaciyle,
{7) Tail prebensile.
(8) Tympanum and tympanic cavity absent,
(%) Quadrate immovable and vertebrae procoelus.
(10) Lungs end in several diverticula or air saes and end in body cavity.
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iR
eversible tongue s
2
hood eye  Tmostrll

Fig, 3-90,. Chamaeleon.

(11} Organ of Jacobson and sensory part of nose absent.
(12) Proatlas is found between atlas and skull.

Special featore— Chamaeleony are famous for their eolovr changes,

Identification—By head-hood, prehensile tall and syndactylic limbs,
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&88. Varanus
Classification :

PRV oo caeeearinnss e Chtrdata b

Sobohylum. cvveeiiioc s Vertehrata |

SHperclass....corerusinen . Gnathostomata I

CHIRS ccsvvmiavensinsivnnsra- REPH in ¥ Characters same as those of Chamaeleon.
YT o e, PR ) 1111 (1.1]1 21 |

7 Lo e e e A S Squamata J

Suborder........ e Lacertilia

Eammtil Ve ceviees e vvae v VATANTdae

T s e i Lo e Varamis.

Geographical distribution—Faranus is distributed in Africa, Southern Asia, south-cast
‘islands of Australia, India, Sri Lanka and Malaya.

Habit and habitat— Faranus inhabits dry places under stones and rocks and it leads a burrnwi_ng
life. Tt feeds upon tortoises, squirrels and dead bodies of other animals. It is most aclive
at night, Monitor lizards are earnivorous and semiaquatic.

Comments :

(1) Varanus is commonly known as Monitor lizard.

(2) Body of the animal is elongated with especially large trunk, measuring 60-90 cm. il
length.

{31) Body is covered with bead-like scales having large brownish, black and orange patches,
which act like warning colours.
(4) Neck and tail are long. Tail is thickened and serves as storehouse for fat.

(5) The limbs are stout, well developed and adapted for swift movement, but they can
hardly lift the body up from the ground.

{(6) Teeth are large, pointed and pleurodont.
{7) The tongue is long, smooth, deeply forked and protrusible.
(%) Eyes are fixed. {(9) Trunk stout.

nostril eye external ear opening

forelimb

clawed drgirs

Fig. 3-91. Farames.
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Classification :

Phylum ooccaviaiss Chordata
Subpiyfum, ... Vertebrata
Soperelassi.. ... Ganthostomain
GHRER, e vais s IREPEITTR
LoVl L T T Diapsida

T Squamatn
EUBOrder. oo e Lacertilia
FORT e veiw s coa s Helodermatidae
iy i e Heloderma.,

b

[ 109
830. Heloderma

Characters same as those of Chomaelzon.

Geographical distribution— Heloderma is found in deserts of Mexico and U.8. A,

Habit and habitat—Heloderma lives in dry places under rocks and in burrows, Itisa clumsy,
sluggish animal which feeds on snake eges, insects and lizards.

Comments :

(1) Heloderma is commonly called as Gilla monster or Hella monster,
(2) The animal measures about 60 cm. in length and body is covered with ugly tubercles.

(3) Pody contains brilliant black and orange scales forming coloured patches.
(4) The tail is thick and blunt having reserve fat.

(5) Trunk and tail stout and rounded. g ——

(6) Dorsal scales bead-like over bony tubercles (osteoderms). Ventral scales flat.
(7) Tongue fleshy, protrusible.
(8) The limbs are short, powerful and well developed. It is capable of swift movement.
(?) Teeth pleurodont, fang like and contain labial poison glands which open on outer

“gum” of lower jaw.,

(10} Heloderma lays eggs in the nest formed in sandy soil.

Special feature—Heloderma is the only peisonons lizard, The poison apparatus comprises of a modified
sublingoal salivery gland that secretes o poisonous fluid. Poison glands open on outer gum ol lower faw.
Yenom is potent; bite is fatal to small animals, and rarely 1o man.

identification—RBy bead-like seales, tubercles, coloured parches and stout trunk.

wongue external ear
cpening

Fig, 3-92. Heloderma,
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897. Ophiosaurus

Classification :

Phylunr. oo Chordata I

Subphylum .......Vertebrata |

Supérclass.. ... Cnathostomatn |

L e e Reptilia Characters same as those of Chamaeleon,

Subclass........... Diapsida r

CIPEEr cvvinnsaness SQuamata

Subarder..........Lacertilia J

s e e Ophiosaurys. 2

Geographical distribntion—Qphiosaurus is commonly found in U.S.A., Mexico, Africa,
Western Asia and India. The Indian species is O. gracilis found in the eastern Himalayas,

Habit and habitat—Ophiosaurus lives in burrows.
Comments :

(1) The animal lives in burrows and is called as glass snake.
{2) The body length is short but snake like.

(3) Body is covered with epidermal scales and below scales body plates are present which
have hard texture,

(4) Distinct neck is absent. (5) Eyes are reduced due to burrowing life.

(6) Body scales are reciangtilfar and arranged in circular and longitudinal rows. A ventro-
lateral longitudinal fold of skin terminates into a locomotory spike near the cloaca.

(7) Ophicsaurus is differentiated from snakes. (8) Itis a limbless lizard.
(%) Pigmentation is greenish brown with longitudinal stripes.
(10) Tail breaks off more easily than that of other lizards.’

Special feature— Ophlosanrus is distinguished from snakes by a narrow gape of mouth 'movable eyelids
and l:«'ml?ﬂnir: holes nnq from limbless amphibia by the presence of epidermal scales and o long tail. A group
of American limbless lizards (worm lizards) have head shields, annular bands like earthworms and no scales.

tympanum  eye with nostril
g o O Lot oo RS p Hds
e e

i _,.L._;E-_:':‘-u:':*.i-:—-i.h"'-b'_-;.;;; i
==

e LR TR e -
e kgt e T
= e
_..rf'-bp. tall = ""::--.r.-:'-.:_t..:.;..-.:-'a-"': 2

Fig. 3-%3.  Oplfosanrus.
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SNAKES

Man has always feared and worshipped snakes in India. Snake bites are often fatal in case of poizonons
snakes, A detailed aceount is given below in arder to distinguish the poisonous end pon-poisonous snokes.

A. NON-POISONOUS SNAKES—Pythons, trinket snakes and racer snakes.
B. POISONOUS SNAKES—Cobra, Krait, Vipers, Russells viper, saw-scaled vipers,

The scales are of taxonomic importance, The snakes are classified on the basis of scales. Scales
also. help in distinguishing poitonous and non-poisonous snakes, The sankes contain shields of scalesin the
head. The identifying shields are named as internisal, masal, prefromial, loreal, pre=ocular, frontal, supras
oculir, post-ccular, parietal, mental | occipital, pit, supra-labial and infra-labial, The anterior sublingual and
posterior sublingusl constitute ventral or lower side of head. In primitive snakes, sandy boa and vipers,
the heid scales are minute and undifferentiated. The dorsal scales are ellipticel, rhomboid, tuberculated,

serrited and keeled.  In primitive snakes, the head scales are semicircular. The Following chart is designed
to differentinte poisonous and non-paisonons snakes,

A, NON-POISONOUS SNAKES

(a) Scales on body semicircolar, tail blunt, dorsal and wveniral scales

undifferentiated (Fig., 31-94). {Blind snakes) Typhlops
(k) Scales on body distinct and ventral seales are found along belly.
(1) Ventral scales partinlly cross the belly, eyes present, Lropeltis seellatuy
{a) Rough tail and tail end blunt, Band boa
(&) Tail smooth, having blunt end (Fig. 3-96), Eryx conicus johii
{c) Long tail provided with spurs (Fig. 3-95). FPython molgres
(2) Ventral scales completely across the bellv. Head covered with
symmetrical plates, hypophyses may or may not be present. Colubridae snakes

B. POISONOUS SNAKES

Ventral scales partially or complétely neross the belly, Head shields without loreal.  Tail cylindrical
except in s¢a snakes. Hypophyses present, Teeth modified to form fangs.

(a) Ventral scales partially scross the belly. Tail finttened, ocar like.
Ventral scales form ventral ridge. Eves present atanterior end of

head, Poison fangs are present {Fig. 3-100). Hydrophis

(b} Ventral scales complete across the belly., Head and tail long. Poison
Fangs small and naked. Elapidae

{1} Median dorsal scales hexagonal. The colour of the bady steel-blug with
white bars, Brngariy cacrnlgus (Krait)

(2] The colour of the body yellow, with black cross bands and face containg &
black stripe. (Fig. 3-102). Bungarus fasciatus

{3} Hooded spake. Eyes contaio round pupil. The dorsal frootal shields

truncated. Three small post-ocular scales behind the eyes. Supra-

lubjals 7 im number. Couodal seales paired, The hood contains

monocellate or binocellate marks and 2-3 series of black bands on

veniral surface. A triangular shield between 4th and Sth infra-labial. Nafa mafa (cobra)
(4) Hooded snake, Frontal shield not truncated. The triangular shield

between 4th and 5th infra-labial absent. Two large oceipital shields

behind parietals. Poison fang present. The hood contains yellow

cross stripes . dorsally and dwo black bands sentrally with corner

black spots (Fig. 3-103). Naja fiamna (king cobra)
(3} Hood absent, Post=ocular 2, supra-libial 6. 3rd and <4ih supra-labial

touching eye, 3-4 ieeth behind poison fang, The colour of body

light brown or reddish with black stripes or spots over head, Callophiz (cornl snake)
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(c) Ventral scales on the body. Tail :lungath. Head triangular and
containing minute shields. Poison fangs erectile and sheathed. Eves
contain vertical pupil,

(13 Deorsal scales oblong with median  vertical ridge and with 3 rows of
elliptical spots on body. |

(2) Side dorsal scales serrated which muke mniinfmui 5nurf-:1. l-?-:m:'! contiains
arrow mark. Small snakes. Locomotion by side winding. The
poison fangs erectile and sheathed. .

(3} Between pre-ocular and lojeal there i5 @ pit behind nasal. Eyes mﬂlﬂl_ﬂl
vertical pupil. Body scales keeled. Tip of head raised in rostra
region. Poison fangs erectile and sheathed (Fig. 3-103).

92, Typhlops

Classification :

Phylum............Chordata B

Subphylum....... Vertcbrata |

Superclass........Gnathostomata Characters same as those of Heloderma,

T LT P b Reptilia

Subclazs... .. ....Dinpsida

1T Squamsti .

Suborder. o, Ophidia —+ Snakes, Limbs, feet, car opcnings,
sternum and urinary bladder absent.
Mandibles joined anteriorly by liga-
ment. Tongue slender, bifid and
protrusible,  Left lung reduced.

Family.. .coliven Typhlopidae

Fol i L L s Tyolilops (Blind snake).

Geographical distribution—Typhiops is widely distributed in
Europe, Asia, Africa, America, Australia, India tropics, and
subtropics of both hemispheres,

Habit and habitat—Typlilops is a burrowing snake. It feeds on
small insects, earthworms and soft larval insects.

Comments ;

(1) Typhlops is commonly known as blind snake.
(2) Body is elongated, eylindrical measuring about 175-180 mm.

(3} The animal looks like earthworm and {s of dark chocolate
colour,

(4) Bods is covered with overlapping scales.

{2} There is no distinet head and also there is no differentiation
between dorsal and ventral scales.

(6) Lower jaw without teeth, maxilla toothed and transversely

placed, ectopterypoid and squamosal abzent and pterygoid
separate from quadrate.

(7) Rostral, nasal, ocalar and pre-ocular shizlds are larger.

Viperl dss

Russell s vipe
Echis corinals

Pit vipes

Fig. 3-94. Typhiops.



Museum Specimens e

(8) Eyes are indistinct and covered with scales,
(9) Scales in multiple rows over whole bedy.  (10) Eyes without eyelids and immobile
(11) Lim.hs, feet, ear openings, sternum, urinary bladder absent. Mandibles join anteriorl
by ligament. Tongue slender bifid and protrusible. Left lung reduced 3
83. Python
Classification :

PIV I 50 raeeessinns Chordnin

Srebrhel e e ovssnanis Yertebrata 1

SHPERCTETE . e vvanans Gnathostomain |

o L i e Reptilin Characters same as (h

Bubeless. oo Diapsida r Syt ool

LRI i ah brin s s Squamata |

Suborder.............0phidia 4

P cea s v = Boidae

TP O ea v s i b s iaapens Pytfan (A jgar).

Geographical distribution—Python has world-wide distribution except New Zealand

Habit and habitat—Pythons are found especially in woody regions and thev climb on trees

They are found in dr:-'_. rocky and sandy places. They kill birds, poats, sheep, deer, cows
dogs, horses and even tigers. They can swim in water, ’ J

Comments :

(1)
(2)

(3)
(4)
(2)
(&)
(7)

Fythen is commonly known as Ajgar and is a favourite snake in 2 serpentorium.

Body of the animal is huge, massive, voluminous and measuring about 10 meters in
length, and weighing 110 kilograms.

Body is covered with small scales in 60-75 rows.

Python is non-poisonous with prehensile tail.

The vestigial hind limbs and pelvic girdle exist as spurs on each side of the anus.
Eyes are free and functional with vertical pupil.

Mandibles, pterygoids, palatines, maxilla and premaxilla contain teeth. Maxilla,
palatine and pterygoid movable,

nctell eye without lids epunk

Fig. 3-95. Python.
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(8) The rostral scale of head contains a deep thermo-receptive pit.

(9) Lancet-shaped brown mark present over head. Parietal,
covered with irregular. plates.
Infra-labials 16-18.

7ih touching eye.
(10) Oviparous.

Speeial feature— Pifhaon
active, and coils around 1he prey.

is very lethargic but during feeding
It kills the prey by pressing by 118 mass

Supra-labials are 11-13,

shoves the prey, Indian python isF. malani.

Identification— By massive looking

Classification :

Phylnm, - oo Chordata
Sphplipleimie. - Verichrata
Superclass...co-e- Gpathostomata

T BE R s s wvknns Replilia

Subelass. iane s Diapsida

Orderinmnr. nnne Squamata
Suborder..o..-.- Ophidia
Family....ioazseass Boidae A
T oo v vir.Eryx felmil {Dumuhi).

Geographical distri bution— Erpx

Habit and habitat— Eryx is found in sandy regions.

lizards, frogs and mice.

Comments :

(1) Eryx conicus is commonly called as sand bon,

{dumuhi).
(2)

r

84, Eryx

Characters same a8 those of Pyihan.,

(3)

(4)

{3)

(6}
(7)

(8)
(9)

Ventral surface is yellowish.

It measures one meter in

length.

Body scales arc small, 40-535
rows and sometimes keeled in
tail region.

Eyes are small with vertical

pupil, Byes reduced due to
burrowing life,

Head and neck indistinguish-
able.

Head scales primitive and 3
scales enlarged.
MNostrils are slit like.

Tympanum absent.

Fig. 3-96.

loreal and temporal regionsare

{st two contain pit and

body and other above characiers.

is found in all over India, Sri Lanka, Afri

It remains hidden in sand and feeds on

qnake is elongated with pinkish grey and brown irregular patches all

LEryx.

and on seeing prey, il becomes VEI¥
ive muscular body and gradually it

ca and Asia.

the common double-mouthed snike

over the body.
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(10) Ventral scales do not run across the body.

Spectal feature—~Ervx is characterized by the blunt tafl end looking like head. Somelimes snake crawls
back and hence it s ealled as double-headed soake But actually there are no sccond mowth and bead, It kills

the prey by constriction.

Identification— 8y blunr 1ail end.

Classification

PRV, ianiienas - Chordata
Sulipfrslunn. ... Vertelirnia
SHPErelasg. . e, Cinathostomata
CII5S + aaisvasnsmen REplilia
Sehelass .o Diapsidy

87 7| Squamaita
Suborder............Ophidia
oL I . Calubridie

35. Ptyas (Zamenis)

1

i
}- Cheracters same as those of Erpx.
|

- CoHTMON sndkes,

FPiyary mucosin { Dhaman).

Geographical distribution—Pryas is commonly found in India, Burma, Java, Burope, Asia,

Africa, NMorth and Central America,

Habit and habitat— Ptyay is found on plains. 1t can climb trees and it feeds on frogs, toads,

mammals and even snakes and lizards,

Comments :

{1} Ptyaris commonly called as Rat snake or Dhaman.

{2) It attacks forcibly like whip and hence it 15 also called as rope smake.

(3) Body is elongated with dirty, yellow colour and is measuring about 3 melers in length,

(4) Scales in 16=17 rows and
some scales slightly keeled.
Eyes are large with round
pupil and golden iris.
Head differentiated from
neck.

Loreal region is concave
having pre-subocular, nasals
and mostrils and supra-
ocular forming a ridge on
cye.

()
(&)

(7}

Piyas 15 non-poisonous and
an active snake,

()

Special feature —Rat snake hites
vicipusly and ¢oils around  the wvietim
firmly by its prehensile taill, It cmits
Foul odour and gecretes black secretion
from the anal glands. It is oviparous.

Identification— 8y ridee on
aye.

head with
large shields

noseril

tongue

Fip. 3-97. Pryas (Zamenis).
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96. Natrix

Classification : Same as those of Piyas.

Geographical distribution— Narrix is widely distributed in U.S. A | Mexjco, North Africa and
India. Natrix piscator is the common Indian snake.

Habit and habitat—Natrix is found in fresh water, hidden under water yeget@lion Or Erisses,
It is diurnal, oviparous and feeds on fishes and frogs.
Comments :

(1) Nairix is commonly called as water
snake.

(2) Bedy is covered with chess-board-like
black spots.

{(3) Entire body is covered with epidermal
scales.

(4) Head scales are large, called as shields. E ; ;1{?__.-_

{3) Belly scales are plate-like, while side é_—x.." P n ) cangue
scales are smaller. yf‘\

i6) Fanpgs absent, teeth present, non- pye | W
poisonons. abdaminal plate

{7) Facial bones movable. Fig, 3.0, Natr'*:

{8) Sgonamosal loosely attached to skull.
(9) Maxillaries horizontal, forming most of upper jaw.

(10) Both jaws with teeth but fangs absent. Tympanum absent,
Identification— By chess-bpard-like black spots.

97. Dendrophis

Classification : Same as those of Pryas.

Geographical distribution —Dendrophis
is found in Asia, South America
and Australia,

Habit and habitat — Dendrophis  is
adapted for arboreal life. It lives
on trees and feeds on frogs, Diurnal
and oviparous.

Comments : Flg. 399,  Dopdrophis.

uppor jaw
head ahialds

I etk t'ﬂ-'l:i':.-' Seples tail

(1) Dendrophis is commonly called as tree snake.
{2) It measures about 6 feet in length,
(3} The snake is elongated and cylindrical with pointed tail.

(4) Head is large and covered by large plate-like scales. Scales are keeled and form 13 or
15 rows.

{5) Scales of vertebral row enlarged.
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(6) Venirals have a pair of suture-like lateral keel and notch on sides which helps in

(7) Belly scales are plate-like, while side scales are small.
(¥} Body contains vellow stripes.

climbing.

(9) Fangs absent but teeth present.

(10) Eyes covered with transparent and fused membrane, Tympanic membrane absent.

Special feature—Dendraphic is n harmless and non=poisonons snake:

Identification— By Leel and notch on sides.

98. Hydrophis

Classification -

P T Chordula 3

Sebpifum....... Vertebrain

Superefass.... ..., Gnathostomain L

Class.......co....., Reptilia ~ Characters same a3 those of Pryas.
Subclaxs ..........Diapsida

Order.. .. anidEis Sguamzatn

T T T T Ophidia

LTy Hydrophidae — Sea snakes,

Type.. ... uwn Hydrophis {Water snitke)

Geographical distribution— Hydrophis is found in India,
along the Pacific Coast from Southern Mexico to

northern South America, in the Bay of Bengal and
Malaysia Archipelago.

Habit and habitat—Hydrophis is commonly found in water.
It feeds on fishes.

Comments ;

(1)
(2)
(3)

(4)
(5)

{6)
(T}

(8)
(¥
(10}

Hydrophis is commonly called as sea snake or water
snake,

Body is elongated, measuring about 2 meters in
length,

The body is laterally compressed.
The scales are small,

The general pigmentation is dark olive green above
with yellowish cross bars and whitish area below.
Head is indistinet and covered by large shields,
Ventral scales are small. Loreal shield is ahsent,
One pre-ocular, 2 post-oculars and 7-8 supra-labials
present.  3rd and 4th supra-labials touch the eyes.
Maxillary teeth 14-18 behind the poison fangs.
Eyes small with rounded pupil.

Water snakes are oviparous and they come out of
water for egg laying,

flattenad
oar-like
cail

colour
bands

Fig. 3-100. Hydrephis,
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Special feature— Hydrophis is a deadly poisonows or venomous snake and very dangerous Lo mankind.
Neuratoxic venum, The tail is compressed and adapied for swimming, It is broader than the body.

Identification— By laterally compressed rail and head shields.

899 Crotalus

Classification :
Phyliom . oeee Chordata
BBl anr . Verlebrata
Superclass.,....... Gnathostomata
I ol i s Reptilia Charfclers s8me as those of P

Sinbre s e e Dinpsida

[ ol . {111 {1 [ i |

Snbowder. ..., Ophidin

Family............ Viperidae

Tope . iiipevineCrofalus {Rottle-snake).

Geographical distribution—Crofalizs is found in U§ A and Mexico. Morth America contains
C. hertidus, » common rattle-snake of U.S.A. €. ronfluenmus i3 found in  westcrn Americd.
About 40 species and varieties are found in Western hemisphere and 20 in U.5.A.

Habit and habitat—Croralus is adapted for terrestrig) life. During winter season it hibernates
underground. It is carnivorous, nocturmal. Tt fooq. oy small Mmammals.

Comments :
(1) Crotalus is commonly called as Rattle-snake,
(2) Body is clegantly elongated, measuring 2-3 Meters in length- o
(3) Handsome pigmentation pattern, The genery) surface is greyish brown with dark bands.

(4) Head containg small scales on upper side.
nostril, It is distinet from neck,

(5) Two pairs of internasals present.

a semsory pit between eye and

It has

nead

scales
aye

e
bﬂd;f scalet -
Fig, 3-101. Crofaluy (Rattle-snake).
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(6) Fangs are long and movable and folded when not in use.

(7) Flead containg small nostrils and ventral mouth,

(8) Tongue bifid and protrusible. (9) Eyes are small without eyelids.
(10) Hood triangular in shape.

Special feature—The seake i< immediately charactatized by the presence of o rattle at (he end:of. the
tail. Rattle is derived from moulting epidermis consisting of [0-12 hallow sepments, During fast Jocomotion
tall is vibrated and ratile produces characteristic ranling sound which warns the intruder. It s l:]l:ﬂﬂl!:
poisonous snake, It is carniverous and viviparooas.

Identification—8y rarele in fail,

100. Bungarus .

Classilication :

PIEIE o2 e vvsinsn Chordata .
Sabp e ioveans Vertebrata

Superclass....... Gnathostomaia ]

B U e Feptilia |

Siebelass o Diapsida *  Characters same as those of Cratalus.

(] |- A SRS Sruamata |

Sl er. con s e O phidia J

Family........ wr Elapidae < Terrestrial and poisonons snakes,

T cxvinnss soreos BIMEACLS {BomiL).

Geographical distribution— Bungarus is found in Scuth-cast Asia, all over India and Malaya.

Habit and habitat—Sungaryr is a common snake, found in the erevices of walls, under the
logs and stones. It is nocturnal and feeds on smaller snakes, toads and mice. It is shy
and considerate. It attacks only when disturbed or trodden with foot.

Commenis =

(1) Bungarusis commonly called
as Krait.

{2) Body is elongated and
eylindrical, measuring one
meter in leopth,

(3) The colour of the body is
stecl-blue and dark-blug,

{4} The dark-blue patches alter-
nate with white cross bars.

large shields on head eye without [ids  nescril

large haxagonal
mid-dorsal scales

{5) The body contains enlarged
chain of hexagonal scales on
the dorsal side,

(6) Head is not differentiated
from the neck, Loreal
absent. Post-ocular, pre-
aocular and supra-labial 2,
1 and 7in number respec. b#n9% on body broad ventral plates
tively. Fangs small,

Fig, 3-102, IMwmgarns.
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(7)
(8)
(9

Eyes arc of moderate size with round pupils.
Scales are smooth forming 13-17 rows.

beyond the anal region are in a single row.

{10) Oviparous. Fcmale shows parental care,

Tongue bifid and protrusible. )
Ventrals are 194-234 and caudals 42-22.
Enlarged chain of hexagonal scales is present on the dorsal side and the ventral scales

Practical Zoolegy 1 Verfebraig

Special feature—Bragarss is a deadly poisonows snake, the venom being more poisonous than that :{
cobra. Its yenom is neurotoxic affecting brain, After an hour of the bite, the wviclim feels sleepy and i

immediate anti-venom is not given, the patient may dic.

Identification— 28y hexagonal seales on dorsal side.

107.

Classification :

Phylum....ceanns Chordata
Snttphlum, ... .. ¥ertebrata
Supercloss. ... Gnathostomata

[ - T-1 O |- {41 }]

Subelass.. o Dinpsida
Order..-..........Squamata
Suwhorder........ . Ophidia

P wais ianiws i Elapidae

i 67 LT Nafa (Mag or Indian Cobra).

Geographical distribution—Nafa has wide distribution,
found in India, Africa, China,Philippines, Tasmania,
Australia, New Guinea and Egypt.

Habit and habitat—Cobra is diurnal, shy, living in
holes, understones, mud walls and in thick vegetation.
It 15 oviparous, carnivorous and feeds on frogs, rats,
lizards and other snakes. It hibernates. Three
varieties of cobras are found in India ;: (1) Binocellate
form having spectacle-like mark connected by U,
found in Maharashtra. (2) Monocellate—single oval
mark surrounded by ellipses found in Bengal.

(3) Non-cellate—without mark found in Rajasthan,
Gujarat and Madhya Pradesh.

Comments :
(1)

Naja is commonly known as cobra. Naja naja
is Indian cobra,

(2) Body measures 2-3 meters in length and is

brownish in colour (Gehuwa), During hiberna-

tion the colour becomes golden but on exposure

fo light the colour changes to brown.
(3)
(4)

The head is not well differentiated from the neck.
The neck region is dilatable and ribs are elonpated.

Naja (Nag)

Characters same a5 those ol Fungarur.

head wich
large scales

eye without lids

nostril

(i

it sl |
r'r!["',-:llll i.lul.
R kK !| If
il
1

broad ventral scales
Fig. 3-103, Naja.

The neck region expands and

forms hood, which contains binocellate mark on dorsal surface. Some persons call it

spectacle or the figure of ten.

Thtrg 15 a white band around mark.
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(5) The third shield of the upper labia or lip large and extending from the ocular to the
nasal shield. The ocular shield bears eve and nasal shield bears opening of nostril.

(6) A tiny wedge-shield present between the 4th and 3th lower labials,
(7) Tail shield on the undersurface of the tail double.

(8) Vertebrals or scales on the mid-dorsal line larger than others and hexagonal,
(9) Bedy is covered by smooth obligue scales.

(10) Maxillary bone extends beyond palatine. Poison fangs are followed by 1-3 small teeth.
Lorcal absent, Nostrils large and vertically elliptical. Frontal shield truncated.
(11) Eyes with narrow pupils,

Specinl feature—Cobras arc deadly poisonous snakes. They raise their hood when alarmed and the
hoad sways back and forth for siriking the object, During this period it produces hissing sound, 1t will not
sirike if intruder become standstill.  The gnake-bite cases should be immediately atiended by medical persons,
The snake | NMafa maja) {2 very common in India. It is worshipped on Nagpanchemi day. The cobra bite is
curcd somefimes in villages by snake charmers by Manira or sometimes by sucking poison out of the woeund.
The presence of a jewel in the head iy not correct

Identification— By the hood and irs mark.

102. Viper
Classification : tongue b
Plvlan. ... e Chordain -] nostril
Subphvlam.......Vertehrata I madth
By Ll L1 R CiDnathedtamaty: | | = o o 0BT L e R
il Characters ave without |ids
Lo A v RApLHA ¥ game as those ; head with
Eahetams o e oo Diapsidi of Naja. s
CHEEIEF s - oimns Cin Sguamata
Suharder ... Ophidia §
T - R Wiperidae tﬂn?fr'il:{unn
T . renvainnnnne Fipero reyedli (Kadar).

Geographical distribution—Vipers are Old :
World snakes except Madagascar. Fiper has : _1‘{:!5‘*'}’.::1.1;:#
been reported from Europe, Asia, Sri Lanka, ST
Burma and India.

eiR T
L
st

Hahit and habitat—¥iper iz found in rocky
and bushy regions. It feeds on mice, rats,
lizards and birds,

Comments :

(1) Wiper is commonly called in Hindi as
Kadar or Dobja.
(2) Vipera ruselli iz also a common

poisonous snake and is often called as
pitless viper.

(3) Body measures 2 meters in length.
Head is large, flai, triangular and
covered with small seales. A "V mark
placed overhead. ‘Shields on the
under surface of the tail subdivided. Fig, 3106,

¥iper.
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(4) The colour is brownish but it varies according to its environment. Body is covered
with Keeled scales. Large black spots arranged on the back. .,

(5) Facial bones movable, maxilla is small and contains long and movable poison fi"iﬁ-_'
with canals.

(6) Paired erectile fangs in front of wpper jaw, one on each maxillary bone and folded
backwards when not in use (solenoglypha).

(7) Maxillaries short, thick and movable in vertical plane.

(8) No pit between nostril and eve.
{9) Supra-labials are 10-12. 4th supra-labial is largest and it does not reach eye. Ventral
plates large. r
(10} Snout is angulate, nasal opening prominent and largest and eyes have white margin.

with golden iris and elliptical pupil.

Special feature—The snake remains coiled with the head in the centre of the coil :l“'i_l with least
provocation or disturbance, tongue is protruded, body rhythmically swells and hissing sound is produced,
Tts bite is ferce and it strikes to one side with 4 sudden and forceful spring. Before siriking it hisses londly

Tiz bite is fatul to man.

Identification—By veniral plates.

103. Ancistrodon himalayanus or Argistrodon himalayanus [Pit \iper)

Classification :

T e e R Chaordata
SUGBRAIEEE L Vortelirats
SHperedars i, i GnathoStomata

L T T——— L] F :
L. Characiers same as those ol Fiper.

(3 L AT RN IR Drapsida

B ] e e Srnamata
FUDOFEEr . o venanran s Oiphidia
e L BT T B Viperidae
R R e e et Aneistrodon.

nostril

mouth

colour bands eye without lids loreal pit

Fig. 3-10%. Ancistredon {Pit vipeey.
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Geographical distribution—Ancisfrodon is found in hilly regions in the vorth and eastern parts

of India and Asia,

Comments ;

(1) Ancisirodon is commonly called as Himalayan pit viper.
(2) A pit-like depression on each side of the upper jaw between nostril and eye.
(3) Body is not much elongated, measures about 1 meter in length.
(4) The colour is bluish brown with dark brown or black spots which appear like

cross-hiars.

(5) Upper lip is slightly raised in rostral region, post-ocular two, supra-ocular enlarged

sideways to form

shield over the eye. pre-ocular three.

(6) Eyes are big with golden iris and vertical pupil.
(7) Head contains loreal pit separating eye and nostril between two pre-oculars,

Specinl feature—Pir

Classilication :
Fhvlium ..o, ..Chordaia

y : viper is o shy and alert snake, Even on slight disturbance it runs back to shelter,
It is a poisenous snake having well-developed, erectile poisonous and sheathed fangs. It is viviparous,

Identification— &y loreal pit.

104. Crocodilus

Enubplolamte. ... Wertehrata

Superclass.....Goathostomata Characters same as those of Anfsrodon.

CRELTE L sbesseanss Reptilin

Sl ds s eeianns Diapsida

Crraler.cuvnennns Crocodilia —+ Body long, head large, jaws powerful, skin thick and leathery,
tengue  non-protrusible,  d-chombered and reported [rom rivers
nnd lakes,

Familly ... .. Crocodilidme

ey Do Crocodilus (Magarmach),

Geographical distribution—Crocodilus is found in Southern Asia, Africa, Australia, Central

America and India.

laterally compressad tail

Triassic to Recent,

himdiimhb

Fig, 3-106. Crocodifus {Crocodile),

clawed toos

farelimb
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Habit and habitat—Crocodilus is found in rivers and lakes. The animal makes 10-13 melers
long tunnel below the level of water. The opening of the tunnel is used as entrance ang
the other side is used to deposit the eggs,

Comments :
(1) Crocodilus is commonly known as Muggar.
(2) Body is very much elongated, measuring about 4-6 meters in lensth.
(3) It is covered by leathery armour, consisting of osteoscutes arranged transversely

in rows. 1

(#) Head large, jaws long, powerful, rimmed with numerous bluntly conical teeth. -
(5) Fore and hind limbs short and ending in clawed toes with webs between. :
i

(6) Tail long, heavy and compreszed,
(7} Ear opening small and protected by a small flap of skin. |
(8) Tomgue not protrusible, J
(%) Heart 4-chambered with separate ventricles. Bladder absent. |
(10) Body is differentiated iﬂltt:l head, trunk and tail. Head is long and triangular and
narrows towards snout which is not djfferentiated from the rest of the skull, Teeth
are unequal, dental formula 16-19/14-15, The first tooth fits into a pit and fifth

mandibular tooth into Et notch on the auter side of upper jaw.
Special feature— Crocodile {5 dangergys to mankind. It can eat the man,

Identification— &y long and poin;eq iy

T05. Alligator

Classification :

) Chordats ']
Sebolpdeom. .o  Verteheata
Superelass.,......Gnathostomain
Eﬂm '''''''''''''' tl:. I:l"l:]r:;; #  Characters same as those of Crocodifus.
Crder...... veannaCrocodilia
utedy, T Crocodilidae
R T e Alfigarar. .
Ehout head Eye Neck L
funk scales with buny scutes lataraliy
nastril Bt compressed tail - '?',?!_:__1‘“_

e e o L
il

i T
F i = i e = R - o o
g B e Iﬁ R SR LT T, o
e oml 1 e e
T T} T t At (M b i Sy

1o 00 oo

gl e i

forefimb
tliwad digirs hindlimb cloacal aperture

Fig. 3-107. Alligator (Alligator mississippense).

B
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Geographical distribution—Aliigarer is found in China and MNorth America,

Habit and habitat—Alligaror commonly inhabits shallow water and on slight disturbance
burries in the sand.
Lomments :
(1) Alligator resembles superficially with Crocodilus,
(2) Body measures 3-4 meters in length,
(3) Head is broad and snout is bluntly rounded. Teeth 17-20/17-22 on each side. The
first and fourth mandibular teeth fit into the pits of upper jaw.
(4) Head large, jaws long, powerful, rimmed with numerous bluntly pointed conical teeth
which are very unegual,
(5) Fore and hind limbs short, pentadactyl and cnding in toes with webs between.
{6) Tail long, heavy compressed. (7} Small ear opening is profected by a flap of skin,
(8) Tongue not protrusible. Heart d-chambered with separate ventricles. Bladder absent,
(9) MNasal bones divide nasal aperture. (10} Eggs are laid in nests.

{11) Body is covered with thick leathery skin containing seutes, The dorsal bony scutes do
not articulate with each other. The ventral scutes are with or without very little
ossification. Mandibular symphysis is short extending only to the lavel of 4th and Sth
tooth. In water eyes and nostril are exposed.

106. Gavialis

Classification :

PRI cveensnssnns Chordata 1 -

Stubplipliem. ... oo Vertohrata .

Shmerclasd coeeeaa, Gnathostomata

S o e Reptilin Characters same as those of Alligaror,
8 el [ ) (PR ,DinpSiﬂﬂl !

LB ok wga v n Crocodilia |

B Crocodi]lidye :

7 1y 11T e Gavialis (Ghariyal).

Geopraphical distribution—Gavialis is found in India in Ganges river, Burma and Malaysia,
Indian species is G gangeticus. Upper Crefaceous to present day,

o eye haad trunk bony scutes laterally compressed-tail

nostril

lower jaw

teath

clawed digits

Fig. 3-108. Gaovialis gangeticus,



126

Habit and habitat— Gavialis lives in Ganges river.

J

Comments :
Gavialis gangeticus is commonly known as Ghariyal or Naka.

(1)
(2)
(3

(4

It is the largest of all crocodilians and is not dangerous to mankind.

Pragtical Zeology

It eats fishes.

Vertelrate

The head is produeed into & long and narrow snout W hich is sharply distinct [rom rest

of the skull,

Head is large, jaws powerful, rimmed with various conical teeth. Teeth sub-cqual and

internal nares within the pterygoids.
Fore and hind limbs short and ending in clawed toes with webs between.

(3)
(6) Tongue is not protrusible, (7) Heart 4-chambered with separate ventricles.
(8) Bladder absent.
{9) The tail iz strong and powerful and laterally compressed, containing vertical scutes.
{10} A flap of skin covers the ears.
Identification— 8y shore snout.
DISTINCTION OF CROCODILUS, ALLIGATOR & GAVIALIS
The following table gives distinguishing characters of Crocodilus, Alligator and Gavialis.
Characters Crocodilus I Alligator Gavialis
{1} Length. 5 meters. 3 melers, 5 meters.
{2 Colour. Dorsal side olive Sieel prey. Dark olive green,
green with black
spots or bands.
(1) Snout. Long and pointed, Shaort but broad. Elongated,
{4) First and fourth Fil into a pit and Fit into pits of Fit into grooves

(3)

(6}

mandibular teeth
of lower jaw.

The lower Jjaw
rami.
Teeth.

groove of upper
jaw respeciively.

Do not unite
bevond Sth tooth.

Unequal.

UPPEr JawW.

Do not  mect
bevond Sth tooth.

Very unequal.

el upper jaw,

Unite upto [4th
tooth,

Sub=egual.

NATURAL HISTORY

Birds are the best known and most easily recognized of all animals,

H MUSEUM SPECIMENS OF BIRDS

Hirds howe mined with mankind

in every @spect of life. They are unigue in having feathers that clothe and insulate their bodies to make
possible & regulated body temperature. They have easily aveided all kinds of enemies on land by adapting

aerial

birds are of économic importance becawse of their food habils.

mode of life. The distinctive colouration and voices of bicds appeal (o human eves and ears,
Cerlain kinds are hunted as game and

few domesticated species contribule 10 man’s food,

Muny

Birds represent .qjgnjﬁ:ur;t advance over all lower vertebrates in having (a) an insulated body covering,
{b) complete separation of wepous and arterial clreulation in 1he leart, {c) regulaled body temperalure,
{d) high metabolic rate, (e} highly developed voice, sight and hearing, and (f) the ability to fAy.
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Birds occupy all continents, oceans and islands, penetrating the Arctic bevond E0PN and the Antarctic,
and live from sea level 1o above timber line on the Everest.  They fully obey the taws of animal distribution.
Albatrosses live in open ocean, ducks on marshy places, savanna sparrows live on grasses, woodpeckers and
athers live on trees and so on. In polar regions only few species are found.  [n temperate lands 150 to 200
Kinds of birds may be found in localities at various ssasons.  Birds have well adapted migratory habits. They
fiy thousands of miles for breeding and nesting. Primitive people used wild birds for food and girments.
Diucks, herons and other birds have been used as game. Feathers of birds provide orogments to modern
women and are also used in sporis materizl.

QOutline Classification of Birds

Plwraemt .. oeen Chordatn
Subphylem......Yertebrota
Seperclass. ... Gnathostoematn
e Aves (Rirds)

2) Subelass,.. ... Archoaeornithes e.p. Arelhacopteryx, Archacornis,
{b) Subclass.........Neornithes

Supcrarder [—Odontognathoe e.g. Hesperovnis, Ichehyornis,
Stperorder  Tf— Palacognathae or Ratitae
Order.. . I—Struthioniformes e p. Struthio (Qstrich).
Qrder., . 2—Casuariformes ¢, ¢, Chsraris, Dronticeiuse.
Crrder. .. 3—Aepyornithiformes e.p, Aepyornis.
Crder.. 4—Dinornithiformes ¢, p. Dinornis,
Order... 5— Apteryvgiformes ¢ g, Apterpx,
Order., 6—Rheilormes e.g. Rhea.
Order.. . 7—Tinamiformes e g, Tinamus, Khynehotos.
Superorder ITI—MNe ognothoe or Corinoto
Order.. ] —Sphenisclforimes or Impennae.  Penguing e Aprenodvles sphenisens.
Order,..2—Gaviiformes e.g. Gavia intmer.
Crder... >—Podicipitiformes e.g. Podiceps, Podyivmbus.
Crder.. 4—Procellariiformes e.g. Diomedea, Qceanodroma.
Order...5—Peleconiformes Pelicans, ¢ g. Pelecanes, Phalacrocorax, Sula and Morus.
Orider,. 6—Ciconliformes  Herons, Storks e.g. Ardea, Burorides, Egrerta ciconia, Casmeroding and
Pliocnicopterus,
7 —Anseriformes— Ducks, Geese, Swans, # g, Anas, Anser, Cromes, Aythya and Brenr.
' —Fuleoniformes—Vultures, Kites, Hawks, Falcons and Eagles; ¢.p. Cathartes dirig, Coragyps,
Gymnoplps, Necplron Porenaptecns, Milvns,

Cirder. ..
Oreler,

Crder.. P—Galliformes — Grouse, Quatl, Pheasants and Turkeys, e, Gollus, Lagopuy, Opisthoconus,
Francolimys Centropns, Pave. :
Order. 10—Gruiformes— Cranes, Rails and Coots, e.g. Rallus, Fullca, Gallinula, Porphyrie, Antigene and

Arithirapoides,
Order. 1= Diatrymiformes — Wingless, 8. DHarrsma,
Crrder. 22— Charadriiformes —Shore Birds, Waders, ¢.p. Philohela, Erolie, Copelia larus, Brachypleritis.
Crrder. 13 —Columbiformes—Pigeons and Doves, ¢ g, Columba, Estopister and Zepaidura, Crocapis and
Streptopelia,
Add—Cuculiformes— Cuckoos, e.p. Coceyaiy, Coculns, Eudvnamiz, Hierocaces,
Order.. | 5—Psittaciformes—Parrots ¢.p. Prittacnla, Riynchopsitia,
Crder. J6—Strigiformes—Owls e.p. Tilo alba, Bulo B Muys aelo and Nyerea seandiaca.
Crder. I7—Caprimulpiformes e.g. Antrostomns, Phalaenopilis.
Order. J5— Apodiformes—Swifts and Humming birds e, Chacturs, Pelagica, Archilochus, Micropis.
Order. 19— Collilormes—Mouse bicds, e g, Colinr,
Orgler, 20 =Trogeniformes —Trogons, . Trogoe.
Order..2i—Coraciformes— Kingfishers, e.g. Megieervle, Merops, Haleyon ind Corariar.
Order,. 22=FPiciformes— Woodpeckers, Barbels, Honey guide, e.r. Upua ¢

e der,
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Order..27— Passeriformes—This order comprises of a large number of birds and contains about 8

families. This order includes cotingas, horned larks, swillows, crows  Sparrows, fi
starlings, pipits, blackbirds, wood warblers, tanagers, wax-wings and kinglets. e Passer,
domesticns, Aalpastes, Kirtacimela, Acradeiiieres, Corvis, Moraeilla, Hiraeds, Flocss
philippinus | Uroloncha, Coris,

107. Phoenicopterus (Flamingo) ¥.

Classification :
PHylnrT.. . ovvessavannnen- L OTdATR

-+ Dorsal tubulated nerve cord, notochord and gill shits present, ‘
— Internal skeleton of cartilage or bone, spinal cord I’-L'Iu:lingnﬂlf_'z

Subphylum. oo avnese- Vertebrata

axjs and composed of overlapping vertebrae. ;
SUPErelass.. oo em-vis Gnathostomata — Jaws and paired appendages present. .
" e veiuer AVES =+ Biped and festhéred animals. b
o T T S R Mearnithes -+ Troe birds, Melacarpals fused. 1
EupErorder... .o Meognathac == Maodern birds, no tecth, sternum keeled. |

FF 77 o e
i ) PR

vreeeen Ciconiiformes

= Long legzed and long necked bicds.

ariian s PhorRlcopEerus rOsSeRE,

Geographical distribution— Phoenicopterts is found in India, Pakistan and Sri Lanka. It.'lsrz;:

tropical and subtropical.

Eocene to Recent,

Habit and habitat— Phoenicopterus is found in flocks on shallow jheels, and tidal mudfiats,

ponds and lakes.

The fiocks consist of many hundreds of individuals.
into shallow water and feed with their heads immersed.

The birds wade

They feed on small molluses,

erustaceans, insect larvae, worms, seeds of marshes and organic ooze.

Comments ;

(1) Phoenicopterus is commonly
called as Flamingo and
Bog Hans in Hindi.

(2) It is a pale, rosy-white bird
with elongated pink legs
and long sinuous neck, It
stands pne meter high,

(3) Wing coverts and wing
horders are beautiful.

(4) The bill is abruptly
decurved in the middle.

(5) It flies rapidiy.

(6) The fleshy tongue works
like plunger.

{7} Web present between  the
toes,

(8) It can swim in water,

(9) Head contains eyes.

(10) Many nests are formed in

the head tucked away under the feathers of the back., The Faj

majestic

colonies on the tree. Eggs
are unspotted.

Fig, 3-109,

Flamingo,

Special feature—When at rest flamingos usually stand on enc Jeg with the long neck coiled aronia

and gracious walk,

Hans or Bog Haos is famous for its beautiful,
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108. Gypus bengalensis

Classification

Phylum..... ... i Chordata i

Sl ies ..., Yertohratn

U e } Characters same s thoso of Pnenica) fes..
ol s T Meornithes

Superorder............Ncopnoathac ]

Order.... ..cvnnnnnvnens Falconiformes - Feet grasping and bill tearing types.

T}w----rrl-q-.“-n-.-n.a---G}'PIE-I'i hl"ﬂgﬂ:ﬂ'ﬂ.‘ljﬁ
Geographical distribution—Gypus has cosmopolitan distribution. Eocene to Recent.

Habit and habitat—Gypus is found throughout India in all types of places Sxcopt humid
forests. Tt lives singly or in gatherings or rabbles. It feeds on a variety of animals.
Comments :

(1) Gypus is commonly called as white backed or Bengal vulture, In Hindi it is called as
Gidh.

hookad heak

Fig. 3-110, Gypus bengalensis,
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(2) It is dirty, blackish brown and repulsive-looking bird, but very graceful and maiﬁti;.
when soaring and circling high up in the sky.

(3)~ Head is naked and contains large eves. {4) Back is white,

(5) Bill stout, hooked at the tip with soft naked cere at its base.

(6) Mandibles sharp edged.

(7) Feet usually adapted for grasping with sharp claws. (8) Flight strong,
(9) WVultures nest in large trees near the road or village sides.

Special feature—Vultures are famous for their keen sight and they are of greatest uscfulness ks
mankind as scavengers. Whenever their kecn eyes detect a carcase, a large number of these birds eelied

from all sides and dispose off the flesh of the dead animul within a short period.  [tis difficult to drive thes
away. They make peculiar voice while in gathering.

7109. Pavo cristatus

Classification :

Phydoere.. .ol Chordatn

Subphylum......... Vertebrata ]

Superelass. ... Grathostomata

CTAET. i vaisganaeiisa AVER r‘ Characiers same as those of Gypur.
Subelgsse . .- Meornithes

Superorder.....-..Neopnathag J

I ar.  coassansmnnns Galliformes = Feet adapted for running and scratching.

TYPE. . carivesiriiandavid eristatis.

Geographical distribution—Pavo cristatus is found in various localitics of India. Eocene o
Recent,

Habit and habitat—Pavo cristatus inhabits dense scrub, jungle and forest well I3"f':"|"]":1"":1
with rivers and streams. They are shy birds. They feed on grains and vegetable ShooS
and often do severe harm to newly sown seeds. They also eat small reptiles and insects.

Comments :

(1) Pavo cristatus is commonly called as pea-fowl or peacock. In Hindi it is called as Aor
aor Aayur.

(2) It is the national bird of India.
(3) Both domesticated and wild birds are common.

(4) The upper tail coverts are abnormally elongated which are ornamenied with gorgeous
ocellated or “*eved” cocks.

(5) The head i3 crested like cock, {6) The neck has green metallic colour.

(7) Bill short. (8) Feathers with aftershafts.

(9} Feel adapted for scratching and running. (10) It makes nests on the ground.

Special feature—The dance of the peacock with its gorgeous tail coverts spread like a lan i ven
famous, It, dances especially on & cloudy and rainy day. It also produces uvgly shricking sound mELY WS
\ in morning, evening, moonlight and on cloudy days.
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170. Columba (Pigeon)

Classification :

Phylum. ... oininChordata
Subpliyfum,.,........ Vertebrata

Superelass, o Gnathostomata
CIITE caunrvereransns ATEE

—+  Warm blooded, hipedal, Teathered, forelimbs modifizd Into wings. Four-
chamberad heart with only right aortic arch and single ocgipital condyle.
Subclars...... - Neorithes —  True birds, metacarpils fused, Ind finger longest, sternum keeled or flat,
Superardsr. .. Neognathae — Maodern birds, wings well-developed, stefnum keeled, pygostyle present.
T T D O S Columbiformes

i NSRRI e v 1T T, il (1

Geographical distribution—Colimbia is commonly found in India, forested zone of the Pacific
coast and United States, Focene to Recent,

Habit and habitat—Columba livia is the most common and familiar bird sround man, nesting

in buildings, old houses, warehouses, sheds and railwayv stations, Their flight is swift and
sttong. Breeding continues throughout the year,
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Fig. 3-112, Pigeon (Columba livia).

tail feathers hind toe

Comments : '

(1)
(2)
(3
(4)

(3)

(6)
(7)
(8)

()
(10)

(11)

Columba is commonly called as pigeon and in Hindi Kabutar.
Body is divisible into head, neck, trunk and tail,

The plumage is grey with glistening metallic green and purple on breast and neck.
Entire body surface except feet are covered with feathers.

Feet are covered with epidermal scutes formed by the fusion of several reptilian
epidermal scales.

Head contains large eves and slit-like nostrils. It is produced into a short and S:E:dﬂ'.
bill or beak. Upper and lower beaks are covered by a horny sheath, called ag
rhamphotheca., At the base of the upper beak there is a patch of skin called as cere.

Eyes are large, rounded with movable lid, a well-developed nictitating membrane and g
rounded pupil.

The forelimbs are modified into wings which contain besides skeleton flight feathers
called as remiges.

After removing feathers animal looks short with long meck and a pointed tail called
a5 uropyginm,

Hind limbs are modified for bipedal locomotion. Tarsus usually shorter than toes.
Crop large, producing pigeon milk to feed small young.

Eggs white and unmarked.
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Special feature—Pigeons are the most common domesticate
messengers. They are also eaten by man. Their call notes are ver

Pigeons serve as an excellent example for artificial selection as various

171. Psittacula (Parrot)

Classification :

[ 133

d birds, which were in olden times used os
' familiar to man as goorr-goon, gootr-gacn.

varieties have been produced by man.

nastril

fiead

Pholum:........... Chordata 1

Subphelum........ Vertchrata |

Superclars........ Gnathostomata |

-T2 Aves # Characiers same as those of Columba.

Subelass........... Meornithes

SUPErOrder. cunees Mespnathae

Order. ....cconn Pritincilormes J

D s iaakainnanaes Patttacula euparria,
Geographical distribution— Psirracla euparria

is found in TIndia, Pakistan, Burma,

Sri Lanka and the United States. Focene

to Recent,

Habit and habitat—Psittacula lives in flocks
in the bustling precincts of a city as much
as in the countryside. It is commonly
found in the fruit trees, ripe crops and in
jungles. Gregarious with loud voices,
Feeds on fruits and crops.

Comments :

(1) Psirracula euparria is commonly called
as Indian parakeet or parrot and in
Hindi it is known as Hirnman tota,

It has brilliant blue-green plumage
with massive, deeply-hoocked red bill
and a distinct marcon patch on
shoulder. P. krameri has no shoulder
patches, while P. cyanmocephala has a

bluish-red head and maroon shoulder
patches.

(3) Beak stout, narrow, sharp edged and
hooked at the tip,

Upper mandible movable on the frontal
bone of the skull and it is so articulated
that its lowering automatically raises

the upper beak, which is curved at
the tip.

Feet adapted for grasping, holding and
climbing. Foot zygoedactylous in which

I and 1V digits are directed backwards, 11 and 111 fo
the branch of the tree,

(2)

(4)

(3)

Fig. 3-

clawed toes

elongated tall feachers

113. Parrot {Psittacwla eupatrial,

tward to provide a firm grip on



134" ] Practical Zoology : Vertebrafe

(6) Tail feathers elongated. (7) Flight is graceful and voice powerful.
(8) The male rose-pink and black coloured. (9) Mesting season December 1o April.

S'FEE[':'-] featore— Parrot 150 pﬂnuiﬂ.r ﬂﬂ"tﬂilifﬂ'fil cage hi_[lj, Fnund -ﬁ!mﬂ'ﬁt 1 every haome -ﬂﬂd 1L COpLESs
and speaks some words like man. Tt is a serious agricultural pest to the cultivators and food alhadcn "fm.m
EOomous harm fo 5'-’:.I:Idiil"|g Erops and riuﬂning orchard fruits. lis voice is sharp, well rﬂmi]lilr and screkming
kee-ak, keesak, kee-af, kee-ak.

712. Bubo bubo

Classification :

Plylimt ............ Chordata j
Subphylum, ....... Vectebrata

Superclass ........Gnathostomata L Characters same a8 those of Columba.

b R Aves
Sobelass... ... Mearnithes
Superorder........ Neognathae )
ir e P Strigiformes
T T «re.. Bubo bubo (Linnaeus).
Geographical disiribution—Puba bubo has world- horns or ears

wide distribution, specially found in India,
Pakistan and BPurma.

Habit and habitat—B8ubo buba is a nocturnal bird,
living in woody places and avoids heavy forests.
It feeds on small mammals, rodents, birds, lizards
and other animals, [t hides in retreat in day.

Comments :

(1) Bubo bubo is commonly called as great horned
owl and in Hindi it is known as Ghughu.

(2) The underpart is pale with dark and vertical
streaks. It is a large, heavy and dark brown
owl, mottled and striped with small buff and

black. Feather tufts are projecting above
head, like long ears.

(3) Eyes are large, yellow and forwardly directed,
edach in a disk of radial feathers.

(4) Ear opening large, often with flap-like cover,
ROmetimes asymmetrical,

(3) Beak short,

(6} Feet adapted for grasping; claws sharp,
(7) Flumage soft textured and lax.

(8) Legs are folly feathered,

(¥) Nesting season November to April.,

L breast

wing

sharp claws

tail feathers
Fig. 3-114, Horned owl ( Bube bubo).

Specinl feature — Hubo buba is of great economie value to mankind by destroying the harmful animals

like rats and mice and these birds need careful protection.  Soon after sunset, they produce deep soothing
prolonged voice fu-ho.
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173. Eudynamus scolopacea

Classification :
ERFIGL i Chordata _‘i
Subpllum.......... Vertebrata
SN elash. . e Goathostomatn Churacters same as those of Bubo bubo,
CIASE . convaniananacms Aves
Suebelars.....o......0ocorinthes
SUpPerarder. v icns. MNeopnathae
T Cuculiformes = Feet with two toes in front and two behind.
T L e Exndynmamus seolopacea,

Geographical distribution—Eudynamus scelopacea is commonly found in India,

Habit and habitat—Eudynamus lives on trees of gardens, groves, large lealy trees and their
frequent voice kuoo kuoo is often heard during mango season. It feeds on banyan and
peepul figs, berries, and also insects and caterpillars. The bird has the habit of laying
its eggs in the nests of crows and throwing on them the responsibility of raising its young.
Koel's song has been associated with romantic Hindi poetry.

Comments :

(1)
(2)
(3)

(4)
(3)

(0)
(7)
(8)
(10)

Eudynamus scolopacea is commonly called as Koel.
It is about the size of the crow.

Male is characterized by having glistening metallic black all over with yellowish green
bill and blood-red eyes.

Female is brown with white spots.

In summer months the call of the male bird is very familiar kuoo-kuso-kuna. The

voice begins with low kwoe and finishes abruptly after high 7th or 8th call. Female
does not sing.

Toes 2 in front and 2 behind, outer hind toe reversible.
Beak, moderate, pointed and curved downwards at the tip,

Eyes are small with rounded pupil. (9) Feet not adapted for grasping.
Tail long,

wing feathers

teil feathars

Fig. 3-115, Ewdynarus scolopacea (Male specimen).
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1714. Dendrocopus mahrattensis

Classification :
Plyvlum:..oeeso-o. Chordata
Seubphylum._ ... Vertebrata

= faes..ii. Goathostomein

E?:.:E il AEE Characters same as those of Buboe bubs.

Subefase. . ....MNeornithes

Superorder...... Neognathae :
(0 T |- Piciformes

THpe. .cnenesnnii - Dendracopus mahratiensls. .

Geographical distribution—Dendrocopus mahratrensis is widely distributed in Indian sub-
continent. Eocene to Recent,
Habit and habitat—The woodpecker is a small bird inhabiting light scrub in countryside,

thin forests, mango orchards, groves of trees and other leafy trees. They scuttle up tree
trunks and branches, tapping on the bark and peer into the cracks for ants and grubs which

Fig. 3-116. Dendrocopus maharatiensis.
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are extracted by the help of long worm-like tongue. They produce sharp voice click, click
or click=r-r-r. It excavates nest cavities by destroving the wood itself,

Commenis :
{1) Dendrocopus is commonly called as woodpecker or Katphorwa in Hindi,
(2) It has the size of a Bulbul. (3} Beak is long, stout and peinted, awl-like.
(4) Tail is stiff and wedge shaped. Tail feathers with pointed tips.
{(53) Evyes are large. {6) Tongue roughened with barbs near the tip and protrusible.
(7) Toes 2 in front and 2 behind, not reversible,

(8) Upper plumage contains black and white spots. {9) Male has scarlet patches.
(10) 1t makes nest by destroying the wood itself. They live in pairs.

115. Passer domesticus

Classification :

PRV e meee omrns Chordata

Syl e, ee o0 Yertehrata

SUPErCIESS vvennvans Gnathostomatn

A58 ranianieions Aves Charnciers sane as those of Bubs bubo.
Subolass. e ine. Meornithes

Brperepdar. oo .. Mengnathen

s R e JFasseriformes

R e e e i Passer domesticus (Sparrow).

Geographical distribution— Passer domesticus is abundantly found in Sri Lanka, Burma,
Pakistan and India. Eocene to Recent.

nostril EE 2head neck

beak . :
T ﬂ i

tall feachers

black
throat

braast e i A - wing feathers

perching toes

FI'E. 3-117. Sp:rmw [r"::r;.:.'rr pfn:r.lu.g;ﬁnr_:]_
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Habit and hahitat— FPasser domesticus is the most familiar companion bird of birds in the
house. Sparrows freely move and nest in the houses. They act as commensal to man,

In w

inter they feed on cultivated areas in flocks.

Commenis

(1)
(2)
(3)

(4

(7)
(8)
(2

(10)

Classification : Same as those of Passor domesiicns.

Passer domesticus 15 commonly called as house sparrow and in Hindi as Gauriyya,
It is the most common and familiar Indian bird.

The female is oshy-grey-brown, measuring about 15 ¢m. The male is carthy brown |
with black spots and whitish abdomen, |

Eyes small. (5) Beak short and curved. f6) Toes 3 in frent and 1 behind.

Feet adapted for perching, neither reversible nor united.

Mesting practically throughout the year, Some make elaborate nests; lay 3-8 egps,

Young naked and blind at hatching, require feeding and care by parents before
becoming independent.

The sparrows are both uwseful and harmful to maokind. They destroy several
agricultural pests. They also destroy vegetable and flower buds.

116. Corvus splendens

=

Geographical distribution—Corwer splendens is found everywhere in India,

Habit and habitat—Coryis 15 the most common, most familiar, most intelligent and boldest
bird, living on trees in towns, villapes and gardens. 1t feeds on anything from dead meat
to any catable left on the table i.e, bread, butter, fruits and other preparations.

Fig. 3-118. Corvus spleridens.
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Comments

(1)

@)
(3)
(5)
(7)

(10)

Carvis splendens is commonly called as house crow and called as Kowwa or Kag in
Hindi.

The house crow has grey neck and black back.

Head raised upwards. (4) It is very intelligent and danger avoiding,

Beak clongated. (6) Toes 3 in front and 1 behind.

Feet adapted for perching. (B) Evyes large. (9) Tail leathers celongated.

Young naked and blind at hatching, require feeding and parental care before
becoming independent.

Specinl feature—The house crow acts as efficient municipal scavenger, 1t destroys [ocusis and other

injurious insects but it also destroys the crop :und fruits in orchards. The house crow builds nests of stick.

They roost communally in large focks. They are also n menace to the eggs and infants of other birds.
Whenever any fellow crow dies, several crows assemble,

manner of feeding.

. TYPES OF BEAKS IN BIRDS

The diversity of form of beaks is mainly related to the type of food eaten and to the
Birds exhibit almost indefinite variations in shape, size and structure of

beaks, of which only some of the most important and common types are described here.

2,

Seed-eating beak—Short, stout, peg-like and conical beaks are characteristic of small
grainivorous or sced-cating birds, such as sparrows, finches and mr{fjuﬂfa;:“

Cutting beak—Birds, such as erows, possess long and slender beaks with cutting cdpes
which can be used variously.

Fruit-eating beak—In parrors, the beak is sharp, massive, deeply hooked and extremely

strong. It is well adapted for gnawing or breaking open hard seeds and nots, which
form their staple diet.

The enormous beak of fornbiils, looking so heavy and cumbersome, is really quite

light as its interior is of a cellular structure, It is suggested that these cells act as
resonators, thus enabling the bird to produce its exceptionally loud ¢ry.
Insectivorous beak—In swaifows and swifts, the beak is small, wide and delicate to
scoop up their living insect prey while on wing. Infiy catchers, the thik 18 ah_.nrt but
strong, with mandibles notched at the tip and beset with numerous rictal bristles at
the base.

In hoopoe, the beak is long, slender and slightly curved and meant for turning the
leaves or probing into the soil for insect grubs and pupac, elc.
Wood-chiselling beak— Woodpeckers have elopgated, straight and stout chisel-like
beaks for drilling into the barks or wood for jnsect larvae Or tor nest constroction,
Tearing and piercing beak—Carrion-feeding and flesh-eatiog birds, such as yultures,
hawks, eagles, owls and lites eto, have short, pointed, shﬂI‘p*Eﬂ.gtﬂ and powerful,
hooked beaks for tearing flesh and operated by well-developed IIlﬂ!lﬂthlﬂlli muscles.
Mud-probing beaks—Familiar examples of mud-prabing beaks are found in snipe, stilt,
sand-piper, Jacana and Lapwing, ete. Their beaks are extremely long and slender and

are used as a probe for thrugting far down into water and mud in search of worms
and Jarvac.
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8.  Water and mud-straining beak—In ducks, teals and geese, the beak is broad and flat,
The edges of the jaws are furnished with horny serrations or transverse lamellae, which
act as a sieve or strainer, letting the water and mud pass out while retaining the food
in the mouth,

In flamingoes, the beak is distally curved downwards and likewise furnished with
Shifﬁﬂg lametlae,;
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9.

10.

11.

12,

Fish-catching beak—Srorks, herons and kingfishers have long, powerful and sharply-
pointed spearing beaks to capture fish, frogs, tadpoles and similar aquatic -animals.
Cormoranis have long and narrow beaks, the edges of which are armed with sharp
backwardly-directed, tooth-like processes meant for capture of fish. In smake-birds or
darters, these serrations take the form of fine needle-like points.

Spatulate beak—The spoon-bill possesses a very specialized form of beak. It is
flattened throughout its length but terminates in a broad, spatulate or spoon-like
expansion meant for dabbling in water and mud in search of insects, worms, fish,
molluses and other small animals upon which the bird feeds.

Pouched beak—Pelicans consume enormous quantities of fish. Their beak is large,
with a capacious gular pouch of extensile skin attached to the lower mandible and
serving as a fishing net.

Flower-probing beak—The long, pointed and rapier-like probing beak of tropical
feemmring-hirds dive down the corollas of Howers for 5ucking honey and inzects.

J. TYPES OF FEET OR CLAWS IN BIRDS

The feet of birds are also modified variously in accordance with the character of
the environment and the manner of locomotion.

Running feet—In running birds, the legs are powerful and the number of toes is
reduced. The hind toe may be elevated or reduced or absent. In busiards, coursers
and ratites such as emu, rfiea and cassewary, only 3 toes directed forwards are present.
Ostrich has only 2 toes, of which the outer one iz smaller and without a nail.

Perching feet—The majority of birds belong to the category of perching birds or
passers, such as sparrows, crows, bulbuls, rohing, mynahs, etc. The toes are movable
and [ree, large and provided with sharp and curved claws. Three toes are anterior
and slender, while one toe or hallux is posterior, strongly built and apposable, so that
they can securely fasien the foot to a branch or any perch.

Scraiching feet—The feet of fowls, guaily and pheasants, etc, are stout, with stroogly-
developed claws and well adapted for running as well as scratching the earth. The foot
of male bird is usually provided with a pointed bony spur for offence and defence.

Raptorial feet—Predatory or earnivorous birds, such as eagles, kites, vultures and owls,
etc. have strongly taloned feet for striking and grasping their prey. The toes have
strongly-developed, sharp and curved claws. Large and fleshy bulbs, called rylari, are
found on the undersurface of the toes, especially developed in the sparrow-hawk. In
osprey and Ketupa, tylari are absent but horny spines are present, which help in
gripping slippery preys such as fish.

Wading feet—The legs and toes are exceptionally long and slender in wading or marshy
birds such as herons, snipes, jacana, lapwing, ete. These serve to walk over aquatic
vegetation or marshes. The web is absent or feebly developed.

Swimming Teet—In swimming birds, the toes are wehbed, partially or completely. In
diving birds, like coets and grebes, the web is lobate and the toes are free. In swimming
and padding birds, such as ducks and teals, only the anterior three toes are united in a
web. 1In pelican and cormorant all the four toes are enclosed in the web.
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7. Climbing feet—In parrots and woodpeckers the feet are used as grasping organs and

especially adapted for climbing on vertical surfaces. The second and third toes point
m front, while the first and the fourth toes point backwards.

8. Clinging feet—In swifts, martiners and huwnming-birds, all the four toes point forwards
and serve to ¢ling to steep faces of eliffs or under eaves of houses, elc.

K. MUSEUM SPECIMENS OF CLASS MAMMALIA
NATURAL HISTORY

Mammals are the highest group in the animal kipgdom, comprising moles, bats, rodents, cats,
monkeys, whales, horses, deer, elephants and other animals.  All are covered with hair or fur and dre warm
blooded. The term mammal refers to mammary glands on females that supply milk for sucking young.
Parental care is highly developed, The insulated body covering and complete separation of venous and arterisl
blood in the heart make the regulated body temperature possible. High mte of metabolism requires large
food, Cerebellum and cerchrom provide high degree of co-ordination in all activities.

Various mammals live in all sorts of habitat from polar regions to the tropics, from sea to denscst
foresis and driest deserts, Mammals inhabit all parts of the earth—land, water and ajr. The walrus and somao
seals live in the Arctic seas and jee, whales and porpoises in open sea, musk rat and otter live in fresh waler.
The grasslands and forests are homes of many rodemts, carnivores and hoofed animals. Population density
varies with available cover and food, Natural crevices, holes, rocks, holes in trees, burrows, tunnels ete.
provide shelter for various mammals, Mammals also form good source of animal prodocts Indusiry, ie.
meat, wool and leather are obtained from them. They also provide transport and recreation.

Outline Classification

Pliylume...... wes Chiorilatn
Subphiylunt....Vertebrata

Supercloss...JGnathostomata

A, Subelpss.... Prototheria
Qrder. e ..o Nonotremata e.p. Ornithorhynehes, Tachyylossus (Echidna).
B, Subclass.o Therin
Infraclass  T—Melatherin
CIPOBF, o yinnans Muorsapinlin —Pouched mammals, o.g, Didelplip;, Micropus, Peramzles,
Infracloss f[I—Eutheria—Placental mammals,
Order (1) Insectlvora—c.g. Talpa, Scalopus, Erinacens, Sorex.
Order (2) Dermoptera—Flying lemurs, o.g, Galeopithecus,
Order (3} Chiroptern — Bats, )
Sulborder (a) Megachiroptern, e g, Pleropus,
Suborder (1) Microchiroptern, e.g. Myolis, Desmodis.
Ordér (47 Primates
Swbarder (a) Lemuroidea e, g, Lemur, Loris.
Suberder (8 Tarsioiden c.p. Tarsius,
Suborder (¢) Anthropoidea. New and Old World monkeys and apes, e.g. Callthriz, Areles,
Macaca, Hylebaius, Simia, Pan, Gorlila nnd Home papiens (Man),
Order (5} Rodentia e.p. Funambulus, Mus museafus, Ratius ratius, Carter, Hygiris,
Crider  (8) Pholidoton—3Scaly an-teaters ¢.p0. Manis,
Clrdfer  (7) Edentotes e.p, Dasypus, Brodypus, Cholaspus,
Order (8) Carnivora e g, Felir (cat), Panthera (tigecs), Canls Lepus (wolf), Pulpes (fox), Phoca (seals),
Herpes fes (Mongoose), Lutra.
Order (%) Probosciden —Elephants, e.q. Efephas, Loxodonta,
Order (10)  Perissodactyla—Odd-toed ungulates, e, p. Rhinoceros, Equus,
Order (11}  Artiodactyla—Even-toed ungulates, ¢ g. Sus (pig). Hippopotamus, Bos elephis (Nilgaf),
fios bubalus (bullalo), Bos indian (cow), Camelus (camel}, Antelops, Gir affa  (girefie).
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117. Ornithorhynchus

Classification :

Phylum........ +...Chordata

Subphyium........¥eriehrata } Characlers same as those of Parser domesiicns.

Sapercloss. ... Gnathostomata

o 1.7 AR, Mammalia — Body covered with hairs, skin has several glands, skull with 2
pecipital condyles, heart four chaombered and females have
mammary glands.

Subclass..ce..vns Prototheria - Egg-laying mammals.

Grder......cieeo Monotremata —» Egg-laying mammals with coracoid and precoracoid, without
pinna, cloaca present and mammary glands withowt nipples.

r Y SR NI Oraithorfyne s,

Triassic to Recent,
Habit and habitat—Ornithorhynchus is a native of the rivers, pools and crecks. Tt burrows o

40) feet long in river banks. [t feeds on freshwater invertebrates, carried in cheek pouches.
Comments :

(1) Ornithorhynchus is commonly called as duck-billed platypos.

(2) It measures about 50 cm, in length.

(3) Body is divided into head, thick trunk and tail.

(4) Head is distinct. The upper jaw is produced to form heak or muzzle-like flattened bill

or heak which is covered by skin.
(5) Body is covered with soft brown fur, combining the character of a duck with mammal,

(6) Eyes are small having nictitating membrane,
{7) Pinna or external ear absent. (8) Tail iz flat and adapted for swimming.
(9) Forelimbs have 5 digits having digging claws. Foot is slightly webbed.
{10) Coracoid and precoracoid present, teeth only in young.
(11) Cloaca present. Ureters open in dorsal wall of urinogenital passage.

(12) Testes abdominal, penis conducts only sperms. Oviducts distinct, uterus or vaging
absent and mammary glands without nipples.

soft wooly hairs

flatrened tail

nastril

hindlimb

flattened beak wob forelimh horny spur
Fig. 3-121. Duck-bill (Qraithorkpnelius).

~clawed toes
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(13) Female makes nest of roots and leaves during spring in burrows, lays 1-3 egps. About
3 cm. long young one is hatched which is nursed by the female. 1t nurses by lapping
up milk secreted by scattered mammary glands on the abdomen of female,

Special feature—Ormithorhvochns s an epg-layiog mommal and exhibits reptilian, mammalian and
intermediate characters. Reptilian features are urinogenital system, precoracoids, absence of pinna and corpus
collosum.  Mummalian features include hair, diaphragm, 4-chambered heart, 3-ear ossieles, ete. Intermediate

features include mommary glands without nipples, scromonial spines 1o the scapulae aod body temperature
between 25=255C,

Identification—By fTar bill.

71718 Tachyglossus (Echidna)

Classification :

Phylum.,... ... o Clhordn ko
Subplyvium,...... Vertebrata } Characters same as those of Qraithoriyechis.
Superclass. . .....Gnathostomata
(a5 e e Mammalin -+ Body covered with hairs, skin bas several glands, skull with
2 occipital condyles, heart 4 chambered and females have
mammary glands.
Subclass....... wee-Erototheria =+ Ege-laying mammals, -
R i Monolremata - Epg-laying mammals with eoracoid and precoracoid, without
pinna, cloas present and mammary glends withont nipples.
e Tachyplozsur {Echidna).

Geographical distribution—Echidna with several species is distributed in Australin, Tasmania
and New Guinea.

Habit and habitat—Echidna leads terrestrial and burrowing life, It is nocturnal and feeds on
ants, found under stones and is called as anteater.
Comments :
LE)  Echidna 1s commonly called as spiny anteater.
(2) It is recognized by strong, pointed spines and coarse hairs on dorsal side,
(3) Snout is long and tapering. (4) The lower surface has hairs but no spines.
(3) Eyes are small without nictitating membrane,  (6) External ear is absent.
(7) Girdles and limbg replile like. Feet without web.
(8) The second digit of hind limb has a long and curved toilet claw to clean spines. The
tarsus of male has a grooved horny poison spur,

hairs modified Into spines

clawed digits forelimb hindlimb  horny spur

Fig. 3-122. Echidra. (Spiny pntester).



146 ] Praciical Zoology @ Vertebriie

(9} The male also possesses mammary glands secreting milk and this condition is called
as gynaccomastisus, where both parents nourish young ones. Teats absent.

(10) Female lays one egg which is probably carried in pouch (marsupium) on abdomen.

Special feature—Echidna has phylogenetic significarce, as it serves a i nk hetween I*:I:H.i-!t! and
mammals. The animal is specialized for ant eating. The jaws are pointed forming a rostrum devoid of aoy
teeth. Tongue is protrusible. The posterior region of the tongue is serrated 1o grind insccis and the secretion
of salivary glands neutralizes formic acld of anis.

Identification— By fubuiar snout and spiny body.

1719. Erinaceus

Classification :

PRI oo venanars Chordata

Sudsphylng, . coaeea. Vertehratn Clhzracters same os those of Eclifdira.

Superelaze. il Cirad hios o

[y L T R e won N mm an LG

Sebolass. . ool Theria | r

Infraclass...cee...... Eutheria —» Placental mammals, no marsupial bones or pouch, vagina singley
foelus attuched o uterus by placenta and is born fully developed.

e Insectivora - Feer 5toed, inner 1oes not opposable,

 fud T SRETRS RS B Erinaceny {Hedgehog).

Geographical distribution— Erinaceus is found in northern hemisphere, West Indies, Africa
and India. Cretaceous to Recent.

Habit and habitat— Erinaceus inhabits holes and bushes during day and it comes oul during
night to feed. It is ommivorous, feeding on fruits, roots, insects, worms, slugs and other
small animals. Hedgehog hibernates during winter. When alarmed or disturbed, it has
the habit of rolling its body like a spiny rounded ball.

Comments :

(1) Erinacens is commonly called as hedgehog.

hairs modified into spines

external ear

'I.F. [1ch
i

Ty

forelimbs clawed toes =~ hindlimbs

Fig. 3-123. Hedgehog (Lriracens).
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(2) The animal is characterized by the presence ol sharp outwardly directed spines on
dorsal side, while ventral side has soft fur.

(3) A muscle band is found over neck and sides to move spines.

{4) Tail is small. {5) Eves are small, pinnae and legs are short.
{6) MNo marsupial bone or pouch,

{7) Vagina single; foetus develops entirely within body of female, attached by a placenta
1o wall of uterus.

(8) Feet usually 5-toed, with claws, inner toes opposable.
(9) Teeth sharp pointed, 36 in number. Ribs 14-15.
(10) Snout usually long and tapered, (11} Mouth tubular,

7120. Talpa (Maole)

Classification :

T R Chordaia

SO, uee e Vertchrata

Superclasy.......Gnathostomata Characlers same as those af Erimacens-
Cless i oo Dammlin

Subelass,......... Theria

Infraclass....... Entheria — Placental mammals, no marsupial bones or pouch, vagiod single,

foetus atiached to uterus by placenta and is born fully developed.

Order e Insectivora = Feet 5 toed, inner toes not opposable.

] R |1

Geographical distribution—Talpa is found in India (Assam) and the western Himalayas.
Cretaceons to Recent,

Habit and habitat—Talpa is adapted for subterranean burrowing and lives in tunnels. It
feeds on small worms, insects and sprouted seeds. It runs deeper into tunnels,
Comments :

(1} ;ﬂ'ﬂpﬂ is commonly called as mole.

(2) The pigmentation is uniformly velvet-black, with a silver-grey glossy texture.

':I.'UI'I-H eﬂ Elﬂﬂg:[m

sASUL
’_"_J’_‘—v~.._.«...,____

nostrll

mouth

hindlimb forelimb
Fig. 3-124,  Talpa,
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(3)
(3)

(6)
(7)
(8)

(2)
(10)

Tail and feet are fleshy white. (4) It measures 15 cms. in length.

The head is wedge-shaped, having prenasal bone in snout which is elongated. Teeth
sharply pointed.

The eyes are very much reduced and covered with skin and external ear (pinna) absent.
Tail is short, sensory and without hair.

The manus is large and broad containing 5 digits, each having broad nail. The hand
15 used for digging.

Feet usually 5 clawed toes: inner toes not opposable.

No marsupial pouch, Single vagina. Foetus develops within the body of female
attached by a placenta to wall of uterus,

127. Sorex

Classification : Same as those of Talpa.
Geographical distribution—Sorex is found throughout the world. Miocene to Recent.

Habit and habitat—Sorex lives in burrows feeding voraciously on insects, small invertebrafes
and some rodents.

Comments -
(1) Sorex is commonly called as shrew, (2) It is mouse-like insectivore.
(3) The snout is elongated and contains several moustaches,
(4) Eyes are small, rudimentary and not covered.
(5) Entire body is covered with steel-grey fur,
(6) The elongated tail is covered with scales.
(7) Mammary gland with definite teats present. (8) Pinnae absent.
(9) Pelage short and soft, (10) Feet and tail normal.

Special feature— Sorex is a very ancient genus, found from Miocene and onwards. [t has undergone

little change.

et e

st

Fig. 3-125. Sorex,
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122. Loris

Classification :
Lhylam ........... Chordata
Subphylum........ Vertehrata
_Eﬂﬂfrffﬂﬁ ..... cnGnathostomaia
LT Mammalia Charact ers same as those of Sorex.
T T A, Theria
Infraclass........ Eutheria
T Frimates == Head turns gasily on neck.  Eves directed forwards.
Suborder........ ..Lemuroiden —  Head with snout,

DL, ...ooirrsine LorEs

Geographical distribution—I orises are found outside Madagascar and specially in India and
Sri Lanka. Pliocene to Recent.

Habit and habitat—Loris is solitary, nocturnal and arboreal primate.
Comments :

(1} The body of Loris is covered with a par  fareEmb  hind
brownish fur with silvery look. Fur is '
thick and woolly.

(2) Head is small and is produced into
snout,

(3) Eyes are closely placed. They are
very distinct and bulging.

(4) External ear or pinna is conical.

(3) Nostrils in the form of small apertures,

{6) Some toes with claws, others with flat
nails,

{7) Tail long but not prehensile. 4
(8) Forelimbs and hindlimbs elongated, Fig. 3-126. Larir
(9) Teeth thecodont and heterodont.

(10) The locomotion is remarkably slow and deliberate. 1t is often found hanging upside
down.,

(11} They seem to be survival of an earlier stock,

Special feature—Tn Lorises traces of very early [eatures remain, including a lransverse fold of skin
on the abdomen of the femule, which is considerad by some (o represent & marsupium. They show some
features that recall the higher primates. For example, the tympanic ring i3 fused to the petrosal bullu, The
face in some is shorter and brain rounder than in true lemurs.

7123. Pleropus
Classification :

Phytum............Chordnta
Snbphylum, .. ... Yertebrada

Superelass....... Goathostomala

Class.....oneeics Mammalia Characters same as those of Loris,

Subclags......c.ue Theria

Infraclass .. Eutheria

L e P Chiroptera -+ Flying mammals, small size and capable of true light.
Suborder.......... Megachiroptera — Head and body large.

TR s Prerapus and Cymopterns.,
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F"Lt'—.g.l wimi / - I .
clawed digits hindlimb cail

Fig. 3-127. Cyropicri. Indian fruit bot.

clawe o fst digle

claw on 2nd digit

Geographical distribution—Preropus 15 found in Southeeasiern Asia, cspecially in India.

Pliocene 1o Recent.

Habit and habitat—Preropus is adapted for arboreal and nerial mode of life. They livein

aroups and feed on fruits (fruigivorous) and often damage Grongiiis
on tree branches.

Comments :

They sleep by day

(1) Pteropus is commonly called Fruit bat or Flying fox and in Hindi Chamgadar.

(2) It is capable of trae fight.

(3) The forelimbs are equal and included with tail in a wide, and thin fur covered

“parachute™ or pataginm.
(4} Body is dark-brown coloured and shoulders arc golden yellow.
(5) Forelimbs and 20d to 5th digits long. Only 1st and Ind digits of

forelimbs clawed.

(6) Hind fect small with sharp curved claws, (7} Teeth small. (%) Tail small and stumpy,
(9) Fars are small, oval and two edges of the ear are in contact with the base.

{’-Uj E}'Eﬂ are ]Hl—E‘El
{11} During sleep, head hangs downwards with wings folded cloak-like

Special feature— Pats are important doe to five reasons -

fi} They have phylogenetic significance with insectivores. (1) Theyare the of

(i) They are used for experimental pueposes (iv) Facors of hats dre used us. fe

around body.

iy fiving mammals,
riikizer, (v) Bals hive

highty developed Sonar or Echo-apparains—u kind of radar.. While flying they gonstantly send out uIUuﬁEnit
sound wWaves consisting of periedic clicks, which cifike on object or wire and are reflected back to bat. INWE

of click Increnses %0140 seconds as the object is approached. Ultrasonlc sounds
yocal cords, v

Identification— By patagium,

are produced from ihe

124. Manis
Classification :
o 1 T L hordata
Subphylurir...ovoi Yertebrata ﬂJI
Sru;.rf.l‘r'.l'u.v: ............... G thost omata
{.J';u.-....-..-.----.....,.“.mamnmlin L. Chataciers same ag those o Mleropiis.
Subelars. ... irnesiinns Therin i
Infracfass. i iy, Eutheria J
el fap e —» Dody covered by large overlapping horny pliies.

T HPE iaimssasns wnamsrassun Menfy cragsicandati.
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axtarnal ear neck hairs modified into scales

By e
head

noscril

trunk

prehensile tail

= i,
e =

clawed digits forelimb B hindlimb
Fig. 3-128, Mamis, Scaly anteater or pangolin,

Geographical distribution —Afanis is found in Africa and South-sastern Asia, Indin (Assam),
Sikkim, Mepal and the Himalavas.

Habit and habitat —Manfs is found in the hilly tracts. It is a nocturnal and burrowing
mammal. It feeds on ants and termites whose nest is broken by its sharp fore-claws,

Commenis ;

{13 Manis is commonly called as scaly anteater or pangolin, It msasures about 50 cm.
in length,

(2) The animal is divided into head, neck, body and tail. Except snout, head, body, “_ﬂ-
and limbs (exeept claws) arc covered by thick horny, overlapping scales arranged in

longitudinal rows. Scales are thick and striated at the base, yellowish brown or
clay coloured.

(3) Between scales coarse hairs are found. (4) Head is small with pointed snout.
(3} Eyes and pinnac are small.

(6) Tail is long and broad and contains 1617 scales in each row. Teeth absent.
(7) Tongue is long and glutinous. (&) The lower body surface is covered with hairs.

(9) Pangolins walk slowly with arched back and the forelimb and anterior surface in
contact with the ground.

(10) The pyloric stomach works like gizeard of birds, having small pebbles or stones in it
and henee it is called as stone-cater or bajrokit,

(10} When disturbed, it rolls its body with head between the forelegs and tail around body.
lﬂerltiﬁﬂﬂﬂﬂﬂ—ﬂ'}' scaley, ;

125. Funambulus

Classification @

PRI, .essen Chordata 1

Subphyvlumr.. ... Vertebratn |

Superclags........Gnathostomata ‘rn- Chircacters same 88 those of Manily,

|V B e Mammalia , =

Al T L S Theria |

IRfraclass. e Eutheria ‘J

Order...............Rodentia —+ Gnawing mammals. Tncisors chisel-like continually growing, canine

absent and a gap is found between incisors and cheek teeth,
F L S R Funambulus,
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mascril oye external oar

head

Fig. 3-12%. (Furnambuius) Squirrel.

Geographical distribution—Funambulus has world-wide distribution. It is found on all
continents and islands. Eocene to Recent,

Habit and habitat— Funambulus lives on trees, ground and is fast runner. It feeds on fruifs
and seeds. It builds nests of twigs and leaves. [t is diurnal.
Comments :
(1) Funambulus is commonly called as squirrel and in Hindi Gilahari,
(2) Body contains three white and grey stripes on dorsal side.
[.BJ The ventral side and limbs covered by small grey hairs.
(4) Stripes absent on neck,
{5) The head (snout) contains several moustaches,

Eyes are large.
{6) Limbs with 5 toes and claws.

(7) Incisors exposed, chiscl-like; rootless, grow continuously, gap between incisors and

cheel teeth, canine absent and upper and lower check teeth about equal size. Palate
narrow, Elbow joint rotates,

(8) Pinnae well developed,

(2) Tail is elongated and bushy.
(10)

Squirrel is also used for experimental purposes. It is largely used in cancerous studies.
Edentification—8y bushy rail,
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Classification :

Elolum . i, Chordnta
Sﬂ'ﬁpﬁ_rfr:m ......... Verichratia
Superclosy...... .. Goathostomoala
T e R, MMammalia
Subelass.....couuns! Theria
Infraclass.......... Eutheria

i Rodentia
N Ratriy rafigs.

126. Rattus ratius

1
]
L Churaciers same as those of Manis,
—

Incizors well developed.

[ 153

Geographical distribution— Ratus rattus is found in all parts of the world. It prefers warmer
and drier conditions. Eocene to Recent.

Habit and habitat— Rarrus rartus is a common rat inhabiting holes and burrows in the houses
and in cultivated fields. It feeds on stored grains.

Comments :

(1) Ratius rattus is commonly called as black rat.

{2) Tt is considered as parasite
of man.
(3) Head and body are covered
with black hairs.
(4) Tail is elongated.
(5) Viviparous.
(6) FPinnae well developed.
Special fentnre—Rat  destrovs
the crop and stored grains. It also
gpreads typhos fever and plagoe. It acis
asgcarrier ol these diseases. Rat has
préBt experimental value. It is larpely

uged in various biophyzical and bio-
chemical studies.

Classification =

P vuvsannsnns Chordata

Subpivlmt. ... Vertehrato "
Superclass..... .. .Gnalhostomata

[ 4717, PRt % [ (a b b A P11

Yo e Lo S Theria

Trfeaclass., veiie, Eutheria

[ [ o o e R Rodentia

TVpe. e iwssvana Hysirix.

Geographical distribution— fyserix is found in India. Eocene to Recent.

Fig. 3-130; Rartiues rafins.

127. Hystrix

j} Characiers same as those of Maonis.

-+ Gnawing mammals, Incisors chisel-like continually growing, caning
abszent and a gap I8 found beiween incisors and cheek teeth.

Habit and habitat—Hypsirix commonly inhabits river banks, nallahs and bunds. It comes
out only after sunset. It is nocturnal and herbivorous.
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hairs modified into spines

forelimb hindlimb

Fig., 3=131. Porcupine { Fysirix).

Comments :
(1) Hystrix is commonly called as Porcupine and in Hindi Syahi.
(2) Body of the apimal measures about 1 meter.

(3) Theunique and outstanding character of the animal is the presence of long spines which
are modified hairs. The spines are also called as quills.

(4) Snout is covered with short and stiff bristles. Face and back contain a few white
bristles. Throat spines small. Head contains crest of black bristles.

(5) Quills on the loins are mostly white and yellowish-white on tail.
(6) The quills on lumber region are flat and striated. (7) Head is produced into snout.
{8} Animal is harmfuol to crop of potato, carrots and cabbage,

{9} Porcupine often attacks its enemies (dog, etc.) by erecting its spines which penetrals
into the flesh of enemy.

(10) Sometimes the animal rolls up in defence.

Tdentification— By quills.

128. Luitra

Classification :

Phvlum. .. oo Chorduta

Subphylum,...... Vertebrata I

Superclass........ Goathostomata |

Class...............Mammalia Characters same as those of Manis.

Subefass...........Theria T

Infraclass.........Eutheria ]

Order...cociaees, .. Carnivorn - Insectivorons mammals,

TP o sl aaea Lutra

Geographical distribution—UZLutra is found throughout the world. Eocene to Recent.
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Habit and habitat—7Zusra is found in the rivers throughout India,

= 158

It aggregates near rocks,

It is also terrestrial, They are good and swift swimmers and they catch fish or frogs with
remarkable swiftness. They can also be tamed.

Comments 3

(1)
(2)
(3)
(4)

(3)
(&)

(7)

Luira is commonly called as otter ovo head Bar hack

or Udbilao in Hindi, long

Lutra is a typical small carnivore Lt ot )

with several primitive characters. I:IF“E;G i '
i3

oy

Body is elongated with eat-like
head.

3l

=% -Iq, -r:_rh- l.'"r‘:- - 5 %
(TR DA S e ok i £l il
Head contains small eyes, long
hairs and small ears.
Body is covered with short furs.

Feet are webbed and other features
well suited For water life.

Teeth thecodont with well-developed
canines.,

Fip. 3132, rLarrs,

128. Herpestes

Classification : Same as those of Lutra.

Geographical distribution— Herp
Eocene to Recent,

estes 15 abundantly found in Asian. and African countries.

Habit and habitat— Herpestes is a burrowing mammal,

It is nocturnal and feeds on ants and
termites.
Comments :
(1) Herpestes is commonly called as mongoose and Neola in Hindi,
(2} Ttis a small and most modified cargivore,
(3) Generally it is like ancestral miacids with long skull, small brain and short legs.
(4) Entire body is covered with greyish fur,
(3) Teeth thecodont and heterodont with well-developed canines,
() Tfﬁl is elongated and bushy. (7) Snout is pointed, (8) Eyes small.
(9) Pinna small and rounded,
(10) Forelimbs and hind limbs have 5 digits with fussorial claws,
Special feature—The fight between mongoose and snake is famous but wltimately the former wins and
kills the latier.,

Fig. 3-133, Heérpestes.

e —



Chapter 4

(1)

. (2)
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(4)

(3)

(&)

Study of Histological Slides

Instructions to Study the Slides

The foremost mechanics of slide study is to know the theoretical histological account
in detaijls.

While studying slides keep in mind about the instruction given by the teacher.

First observe the slide in low magnification and if structures are not clear, study it
under high magnification or even in oil immersion lens.

Draw the slide on the copy after studying all the details. Keep in mind about the
proportion and topography of various parts.

Whilz writing comments, do write about the special feature of the’section. For
example, in T.5. of the mammalian kidney, cortex and medulla must be clearly shown
and structure and function of nephrons must be written.

Study and label the various parts with the help of the Practical Book.

A. PROTOCHORDATES

[1] BALANOGLOSSUS—T.S. of the Collar Region.

Comments :

(1) The collar is a short cylindrical that overlaps the proboscis stalk anteriorly and
ventrally contains mouth, T.5. passing through collar region is circular in outline and
shows body wall layers, collar groove, coclom and buccal cavity.

(2) Body wall is composed of epidermis, nervous layer, basement membrane and
musculatore.,

(3) Epidermis covers the entire body surface. It is composed of ciliated and secretory
cells. Ciliated cells contain cilia. Secretory cells may be goblet-shaped or long granular
mucus-secreting eclls.  Some amylase-secreting mulberry cells may also be there.

(4) Nervous layer in the form of thick layer, consisting of nerve cells and fibres, is found
immediately beneath the epidermis.

(3) Basement membrane is present just beneath the nervous layer.

(6) Musculature is poorly developed in the collar region and comprises of outer circular
muscle fibers. Longitudinal muscle fibers absent in the collar region,

{7} P:ncc:al cavity is a wide chamber, Histologically it is composed of visceral peritoneum,
circular muscle layer, longitudinal muscle laver and inner epithelium.

(8)

Dorsal side of section contains collar groove, The groove is quite deep.
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(9)

(10) Two perihaemal spaces are prescnt just below the dorsal blood vessel.

(11}

PR
collar, groove

dorsal blood R m !*—: 1 epidermis

vessel | 0 A
mﬂﬂ"""* T _J W

'd@wﬂ% = _ Nervous

buccal layer
cavicy

ventrzl blood
connactive vessel )

tlssue

Fig 4-1. BPalanglossus. T.S. through collar.

The collar coclomic sacs are occupicd by the connective tissue and muscle bundles.
The mesenteries are incompletely found between buecal eavity and body wall. Cut

part of dorsal blood vessel is seen just below the end of the collar.

-

Ventral blood is seen below buccal cavity in the axis of the dorsal blood vessel.
Identification— By collar groove.

[2] BALANOGLOSSUS—T.5S. of the Proboscis
Comments -

(1)

(2)
(3)
{4)
(3)
(6)
{7)

(8)

Proboscis is highly muscularised and adapted for burrowing. While burrowing in the
sand, proboscis along with the collar i3 pushed forwards in the sand |111|:} then whole
body is pulled forwards. In order to bear the stress of pushing, longitudinal muscles
are well developed, T.S. passing through proboseis at maximum breadth shows body
wall layers, heart vesicle or central complex and buccal diverticulum.

Body wall is composed of cpidermis, nervous layer, basement membrane and musculature,

Epidermis covers the body surface on all sides. Tt is composed of ciliated and secrelory
cells. Ciliated cells contain cilia, Secretory cells may be pear-shaped or Jong granular
mucus-secreting cells. Some amylase-scereting mulberry cells may also be present.

The nervous laver is intra-epidermal. Tt consists of thick layer comprising of nerve
cells and fibers.

Basement membrane is found just beneath the nervous tissue.

Musculature consists of outer circular and inner longitudinal fibers. The longitudinal
muscles occupy entire space between central complex and basement membrane. The
longitudinal muscle bundles radiate from the body wall layers towards centre.

There is & dorso-ventral partition on one radius of the section extending from central
complex to the basement membrane.

Central portion contains proboscis coelom, which encloses central complex, buceal

diverticulum and glomerulus, The buccal diverticulum was previously considered as
notochord.
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haemal plexus of
basement membrane
epidermis

nervous layer

dorsoventral partition
buceal diverticulum

radiating longitudinal
muscle strands

AR connective tissue
AN

proboscis coelom

T.5, through probascir,

Fig. 4-2. BRalunoglossis.

o h lexes
(9) The proboscis coelom is found arcund central complex. Dorsally two haemal p

of the basement membrane are present.
(10) The proboscis is circular in outline.
Identification— By dorso-ventral partitici.

[3] BALANOGLOSSUS—T.S. of the Branchiogenital Region

Comments : : : ‘ }

(1) 'The branchial region is differentiated into dorsal, branchial and ventral ijEﬁ“‘“’ I'-'_E'r'ﬂus'
The branchicgenital region is the anteriormost part of trunk region, IPE*-JIEd gill slits are
present on the dorsal surface. The sides of the body are pmduc:-c:d_ into flaps or genital
wings, which contain gonads at various stages of development, Paired. coelom _d'UES 1_1'-’-“
communicate with the proboscis and collar coeloms. T.S, passing through this region
shows part of body wall layers, pharynx, ocsophagus and genital wings contaiming
gonads,

(2) Body wall layer consists of epidermis, nervous layer, basement membranc and
musculatore,

(3) Epidermis covers the entire body surface, It is composed of ciliated and secretory
cells. Ciliated cells contain cilia, The secretory cells may be goblet-shaped or

pear-shaped cells and long granular mucus-secreting-cells. Some amylase-secreting -

mulberry cells may also be present,

(4) Nervous layer in the form of thick layer, consisting of nerve cells and fibers, is found
immediaiely beneath the epidermis,

{5) Basement membrane is found just bencath the nervous laver.

F—n
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dorsal blood vesset

casophagus

dorsal nerve cord

: g genitat wihp

pest-branchial canad epldermis.

XA nervous layer

lateral septum

lateral gonad

ventral nerve cord

Fig. 43, Balanoglossns. T.5. through branchiogenital region.

(6) Musculature—Lengitudinal muscle fibers are clearly seen in the section. Circular
muscle fibers absent,

(7) The central space is mostly occupied by the highly muscularised pharynx, It is
differentiated into upper respiratory pore-pharynx and lower digestive pharynx.
Ocsophagus opens to the exterior by lateral branchial chamber.

(8) Oesophagus is ventral and less muscularised, but with wide lumen,

(9) Nervous layer intra-epidermal, The dorsal nerve cord and dorsal blood wvessel and
ventral nerve cord and ventral blood vessel are situated in mid-dorsal and mid-ventral
positions above and below the pharynx respectively,

(10) Sides are expanded to form genital wings, which contain various cut parts of gonads.
The gonads are covered by the cpithelial layer. A pair of branchial vessels is present

near the junction of pore-pharynx and digestive pharynx. The genital wings are
more or less packed with gonads.

Identification— By the genital wings,

_[-I] BALAHDGLDEEUE—M.L.S. Anterior Region (Fig. 4-43,
Comments :

(1) The median longitudinal section of the anterior region reveals various histological
details of the proboscis, collar and trunk.

(2) Body wall is composed of epidermis, nervous layer, basement membrane and
musculature, The arrangement of muscles varies in different regions.

(3) Epidermis forms outer covering and is composed of ciliated, secretory and some amylase
secreting cells,

(4) Nervous system is intra-epidermal, found below the epidermis,
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probosels coelam

epidermis
basement lengitudinel
membrane : muscle layer

circular

lomerulus
muscle layer £

heart vesicle

‘buceal
diverticulum central sinus
p{r{’ﬂbnsch
venecral SEEICLEn
ITII:E‘E-I'I:[EF",.' —.
proboscis
\ =S proboscls
SEy A=A stalk
collarette :": . i collar cord
mouth darsal
mtunr_nrf

venous sinus dorsal strand

afcallar cord

1||J||I'l.l;'"....ll- I. - r- ;

buccal cavity
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ventral collar lengitudinal
mesentery wessal
ventrai :
longitudinal = dorsal trunk
vessel =l mesenctery
EE ' skeleron rods
N of gill shics
pharynx=
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rentra gill slics
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; darsal
lan g:uumm
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Fig. 4-4, Balanoglossus M.1. 5. anlerior region.

(3} Musculature consists of circular and longitudinal fibers, The arrangement of muscle

fibers varies. Proboscis has both circular and longitudinal fibers. Collar has onl
circular muscle layer, while trunk region has only lengitudinal fibers. .

{5} In M L.S, pl’ﬂhﬂscis i?: tDﬂEUE"ShHI}E‘d and contains j]]]p.urtﬂnt organs. Aﬂt‘ﬂ'[iﬂﬂ}"r it
has well-developed longitudinal fibers which surround proboscis coelom.

(7) I‘nsterir:-rly,r proboscis has proboscis coelom which containg central complex, comprising
of prc-hﬂ_sms mesentery, buccal diverticulum, proboscis skeletom, central sinus and
beart vesicle. Just above the buccal diverticulum is glomerunlus,

(8) Mouth is ventrally situated at the junction of proboscis and the collar. It leads into
the buccal cavity.
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()

(10)

concentpated anteriorly,

Collar region is immediately found below the proboscis. Upper ends of the collar are
projecied. DBelow body wall are dorsal collar and ventral collar mesenteries. The
dorsal longitudinal vessel and venous sinus are present which extend into the trumk
also. Mast of the interior is occupied by the buccal cavity,

Below collar is trunk region. Prominent structure in this region is the pharynx which
15 divided into dorsal respiratory and wentral digestive. Respiratory pharynx is
perforated by several gill slits having U-shaped tongue bars {skeletal rod), Posteriorly,
pharvnx opens by a pore. Other distinct structures are longitudinal vessels,
parabranchial ridge, longitudinal muscles and mesenteries.

Specinl feature—M.L.S. of the anterier region of Balanoglassur reveals that most of the structuresare
The important structure present in the proboscis is the buccal diveriicalum which

wis previously considered 25 notochord, bul now it i5 considered s simpie pouch with no affinity with

notochord .

Due to this structure Baleneglossus has lost itz claim 1o be included with choerdates.
Identification—Ry proboscis, collar and trunk.

[5] EALANOGLOSSUS—T. S. of Post-hepatic Intestine
Comments :

(1)

(2)

(3}
(4)
(5]
(6)

(7)

The above T. 8. shows make-up
of the efferent or posterior
intestine.

The body wall is composed of
epidermis, nervous layer, basement
membrane and muscle layers of
longitudinal fibres. Details of the
body wall layer is same as in the

apid armis

Cise of T:5. branch i.LTEEﬂj[ﬂ] intesting
Iﬂgi'ﬂlﬂ of Hﬂllﬁrlugﬁ_r‘gjrfg_
The dorsal and ventral nerve cords longituding|

; miugc|e lager
and blood vessels are scen in the

geChicm.

The intestine has wide Jumen.

It 15 lined with endodermal

columnar epithelial cells, wanuzek pers 6910

The intestine has a pair of ciliated Fig. 4-5. Halanoplossus, T.S. Post=hepatic intestine,
BrDYES,

Post-hepatic intestine is mainly of ahsorptive nature.

[6] HERDMANIA—Neural Complex
Comments :

(1)

(2)
(3)

(4

MNervous system, excretory system and associated receptor organs are together called as
neural complex.

It is composed of nerve ganglion, neural pland and dorsal tubercle.

The ncural gland is ovalshaped structure, found in the mantle between twe siphons
and just above the nerve ganglion.

The dorsal ganglion or nerve ganglion is solid, elongated structurc, found dorsally
between branchial and atrial opening. It constitutes central nervous system,
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nerve fibres neural gland
duct of
neural gland nerve ganglion
i~
B :
R
s
x‘\.
S ==
dorsal tubercle
Fig. 46, Herdmanie. WNeural complex.
(5) Tt gives 3 branches to innervate branchial siphon and 2 nerves to atrial siphon.
(6) Experimental removal of the brain indicates that it is not very much needed for the

life and metabolic activities.
Anteriorly, neural gland gives a duct, which opens by a ciliated funnel near the base

(7)
of dorsal tubercle. It contains central tubule, which gives off a few branching peripheral

tubules.
It secretes excretory material

(8) MNeural gland is supposed to be excretory in function.
appearing as pigmented granules in the substance of the gland. Cells impregnated with

such granules are discharged into the branchial sac.
The dorsal tubercle has a broad base, from which 2 spirally coiled cones originate.

(9)
Each cone has 3 coils of spirally ciliated channel. The dorsal tubericle is supposed to

be chemosensory.

pipetee-shaped

spicules

[71 HERDMAMNIA —Various Spicules

Comments :
{1} Spicules of Herdmania are found
embedded in the test, body wall
and organ systems and are
calcareous in nature,

(2) The spicules are of two kinds :
{2) Microscleres : These microsco-
pic minute spicules are
embeddedin test and measure

40-80 microns long. Each
spicule has a small knob-like

head and an elongated body,
The body contains several spherical
spiny rings, swelling &
(b) Megascleres : These are larger l

spindle-shapad -
spicules

: -ﬁ-ﬁﬁlﬁ“ﬂIﬂ'lltmrlmu,

Wi
i

1Y
E’E_E
GE

3
£

1]
i

RN

riﬁ‘ﬂﬂm

rings of
spines

spicules  ensheathed in g A
covering and are found in the Fig. 4.7, M, '
ot i, ' erdfmainia,
y wall and other organs, A—Pipette-shaped B—Spindle-shaped
megascleres,

They are of two kinds : megascieres,
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(i) Spindle-like megascleres—They are usually found associated with the blood
vessels and parts of the alimentary canal, They measure 1°5-2°5 mm. in
length and contain 15-20 rings of minute spines.

(i1) Fipete-shaped megascleres—These are found in the body wall and particularly
in the region of gonads and liver. They are swollen in the middle, pointed
at Tips and measure 3°5 mm. in length.

Specinl feature—Spieules protect the animal from predators, they serve to attach body wall ‘with the

tedd, and they nlse form the framework of certain passages for the blood vessels.

[8] AMPHIOXUS V. L. S. of The Anterior Region
Comments -

(1)

(2)

(#)

(4)

(3)

(6)
(7)

(8)

(9)
(10)

(11)

(12)

The wvertical longitudinal section
shows buceal cirri, wheel organ,
velum and some pharyngeal region
and other following structures.

natochand : = MY QLM ES

In & carmine stained section pra-
minent dorsal structuresare fin rayvs,
notochord and nerve cord.

The dorsal fin is low and conti-
nuous and is supported by fin rays,
Examine from dorsal to ventral
sides. whizel organ

Bucecal cirn

The nerve cord or spinal cord lies Fig. 4-8, Amphfoxus. V. L, S. anterior region.
Just above the notochord, It

contains anterior and posterior pigmented spots and is anteriorly swollen as cerebral
vesicle,

The notochord in the form of axial skeletal rods lies just above the nerve cord. It
extends anteroposteriorly.

Anterior end projects as the rostrum,

Ventrally oral hood, vestibule, wheel organ, pharynx and atrivm form important
structures,

The oral hood is clearly seen with eral cirri, which help during feeding by torning

inwards to prevent sand particles from passing into the buccal cavity. The oral hood
guards the vestibule,

At the hinder wall of the vestibule lies g vertical partition called as velum with
velar tentacles,

In front of the velum there is a peculiar wheel organ which helps in driving a current
of water loaded with food particles into the mouth.

The Pllﬂr}'ll.‘i is quEI:: voluminous structure cxtending from velum uplo the intestine.
The pharyngeal wall appears like a network due to the presence of primary forked and
secondary simple gill bars. The gill bars separate gill slits and are obliquely dirccted.
Adjacent primary bars are connected by cross bars or synapticulae.

The floor and roof of the pharynx contain endostyle and epiphatyngeal groove
respectively, and the two connected hy peripharyngeal groove. All these structures
contain cilia which guide the movement of food particles,
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(13) Atrium is found below the pharynx.

Identification—By aral cirri and restrum.

[9] AMPHIOXUS—T. S. of the Oral Hood

Comments :
(1) At the anterior end there is @ median opening encircled by fril
oral hood. The T. 8. passing through the oral hood shows body wall,
cord, notochord, vestiblule and oral hood etc. from dorsal to ventral sides.

(2) The body wall is composed of epidermis, dermis or cutis and musculature.

non-pigmented and iridescent cuticle., Unhke other
d of single-layered cubical
s0 found in the

led membrane, called as
fin ray, Derve

(3) Epidermis is covered by #a
chordates, the Amphioxus cpidermis is very thin, compose
epithelial cells, Chemoreceptor cells and unicellular gland cells are al
epidermis. No pigments in epidermis.

(4) Dermis is differentiated into outer fibrous and inner loosely woven fibre

blood capillaries and nerve endings form network,
Thick longitudinal cut segmental blocks or myoLomes

lavers in which

(5) The musculature is very distinct.
separated by myosepta are very distinct.

hatcheck's pit

notochordal

sheath
buccal clrr notechord
lymph space oral hood

Fig. 4-9. Amphioxus. T. 8. through oral hood.
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(6) Dorsally below the epidermis iz a dorsal fin ray,

(7) The dorsal tubulated glandular nerve cord having a central canal or neurocoel and
below it nfotochord are clearly seen.

{8) The notochord iz composed of chordal or fibrous sheath, which encloses vacuolated
notochordal cells filled with homogeneous liquid.

(9} Ventrally section shows large stomodaeum, oral hood and cut part of buccal cirri in a
gircular manner. The oral hood contains lymph spaces.

(10) The dorsal wall of the buccal cavity has a sensory Hatscheck's groove.

Identification—B8y cur circular oral cirri.

[10] AMPHIOXUS—T. S. of the Pharynx
Comments :
{1) Pharynx is a large clongated, sac-like respiratory and digestive organ, extending from

behind velum upto the intestine. T.S. passing through anterior pharynx shows body
wall layers, fin ray, nerve cord, notochord, large cut pharynx and metapleural folds.

(2) Body wall is composed of cuticle. thin epidermis, dermis and musculature { for defails
af bady wall layers see Amphioxus T. 5. oral hood). '

(3) The dorsal half of the section contains transversally cut thick segmental myotomes.
(4} Dorsally just beneath the epidermis is the dorsal fin ray.

dorsal fin ray

notochordal sheath

dorsal
coelomic
canal

epibranchial
groove

gili slits _
transversa
muscles

nd 1
enaostyle wtantenrl
canal

atrial cavicy

enaastylar
coelomie canal

Fig. 4-10. Amplioxns. T. 8, through Pharynx.,
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(5) Below fin ray is nerve cord and beneath nerve cord is motochord, The notochord js
composed of chordal sheath, which encloses vacuolated notochordal cells filled with

homogencous fluid.
(6) The ventral half of the section contains farge pharyngeal cavity,

(7) Pharynx is surrounded by the atrial cavity.
(8) FPharynx is perforated by gill slits. Pharynx conlains longitudinal rows of cilia in the
form of epipharyngeal groove mid-dorsally and endostyle enclosing an endostylar canl

mid-ventrally.
(9) The ciliated grooves direct food material towards ocesophngus, The sides of the

pharyngeal cavity conta in several gill arches.
(10) Two metapleural folds with metapleural cavity are seen posteriorly.

Identification— By pharyngeal gill slits,
[11] AMPHIOXUS—T.S. of the Mid-guti, Diverticulum and Ovary

Comments :
(1) T.S. passing through above region shows body-wall layers, nerve cord, notochord,

pharynx, mid-gut and apoads.

dorsal fin ray

notachordal
sheath

nerve cord

corsal = myotomes
aorta :
.epibranchial
coelomic Srosive
canal
3| .midgut
OV 'ﬂ-ﬂhm - diverci=
3 T%T culum
gill sllts—i%‘ﬂd'j_: ;
Far i avary
atrial :zwlt:.:
! Endnst_:.rle

endostylar

coelomic canal metapleural

cavicy

Fig. 4-11.  Amphioxus (Female). T.5. through Ovary,
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(2)

(3)

(4)
(3)

(6)
(1)
(%)
(9]

(10)

[ 167

Body wall is composed of cuticle, single-layered epidermis, dermis and musculature
consisting of alternate scgmental myotomes and myocommata. (For detaily of body wall
fayers see T, 5. af Amphioxus through oral hood.)

Dorsal fin iz geen as raised structure. The dorsal fin ray is found just beneath the
epidermis.

Below fin rav is nerve cord containing neurocoel,

Notochord is found below the nerve cord. 1t is composed of chordal sheath which
encloses vacuolated notochordal cells filled with homogeneous fluid.

A pair of dorsal aorta hlood vessels is present just beneath the notochord.

Ventral part of section contains two ovaries, mid-gut diverticulum or liver and pharynx.
The ovaries are enclosed in coelomic sac and contain several ova. Ovaries are found
from 25-51 segments.

Mid-gut diverticulum or liver is found on right side of pharyox. It is made up of
glandular epithelial cells and secretes digestive enzymes.

Pharvnx contains gill slits, epipharyngeal groove dorsally and endostyle ventrally.
Pharvnx is surrounded by atrial cavity, Two metapleural folds are scen posteriorly.

Identification— DBy liver and ova in ovary.

[12] AMPHIOXUS —-T.5. of the Mid-gut Diverticulum and Testes

doisal fin ray

natochardal
sheath

pibi anchial
groove

notochord
dorsal

coelomie
canal
dorsa
aora
gill slits ;
&5 . midgut
SS ] di
= o divercliculum
cestis FE;E-" %
ﬂ'j'r

endostyle
atrizl cavicy

metapleural
endastylar canal
coelomic canal

Fig. 4-12. Amphkloxus (Male). T.S. through Testes.
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Comments :
(1) °T.S. passing through testis shows body wall
(2) The body wall is composed of cuticle, single lay
consisting of alternate segmental myotomes and myocommata.
layers see T.S. of Amphioxus through the oral hopd.)
(3) Dorsal fin ray is found below the epidermis.
(4) Nerve cord is found below the fin ray. It has neorococl.
(5) Notochord is found below the nerve cord. It is composed of c¢hordal
encloses vacuolated notochordal cells filled with the homogeneous fluid.
(6) Dorsal aorta blood vessels are seen just below the notochord.
(7) Pharynx contains dorsal epipharvngeal groove, veniral endostyle and on sides severil
gill clefts. Pharynx is surrounded by atrial cavity.
(8) Mid-gut diverticulum is found on right side of the pharynx. It secretes digestive enzymess
(9) Testes are found on both sides having several dot-shaped cut spermalozod. They
occupy some topography as ovaries in females.
(10) The metapleural folds and metapleural canals are seen posteriorly.

layers, nerve cord and notochord.
ered epidermis and musculatore
(For details af body wall

<heath whith

Identification—8y dot-shaped spermatazod.

[13] AMPHIOXUS—T. S. of the Mid-gut or Intestine

dorsal fin ray

notochordal
sheath

cavity » myotomes

atrial cavity

metapleural falds
Fig. 4-13, Amphloxps. T. 5. 0f the Mid-gut {Intesting).
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Comments :

(1)
(2)
(3)
()

(3)
(6)
()
(8)

()

(10

Intestine is found in the posterior region. T.S. passing through the intestine shows
usual body wall layers, nerve cord, notochord, intestine and metapleural [olds,

Body wall is composed of cuticle, thin epidermis, dermis and muscle bundles consisting
of alternate myotomes and myocommata, (For details of body wall layers sce T. 5.
Amphioxus through eral hood.)

The dorsal fin ray is found below the epidermis.

The glandular nerve cord is found below the dorsal fin ray. It encloses central canal or
neurocoel,

The notochord is with vacuolated chordal cells, found below the nerve cord.

There is a single dorsal aorta below the notochord.

The ventral half of the section contains mid-gut, coelomic cavity and atrial cavity.

The mid-gut or intestine is found in the centre, composed of large endodermal cells,
Mid-put is enclosed by coelomic cavity.

Below coclom a well-developed atrium is present. Internally atrial cavity contains
renal papillae. The food particles escaping from the gill slits reach into the atrial
cavity, where they are engulfed by the phagocytic cells eontained in the renal papillae,
Below atrial cavity transverse muscles and metaploural folds are present.
Identification—By rthe absence of gill slits and by the presence of infesfine and renal

papillae.

[14] AMPHIOXUS—T. S. of the Atriopore

nerve cord
myoLome

coelomic cavicy

myotomes notachord
7]
] notochordal
i sheath

dorsal aorta

H [
portal veins: ! G

atrial cavity

incestine
atriopore

[ ul:apleu ral folds

Fig. 4-14, Amphioxus. T. 5. through Atriopore.
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Comments :

1) The animal narrows towards the posterior region and hence T. 5. passing lllmuﬂil
atriopore shows smaller section. In the section hody wall layers, nerve cord, notochord,
and atriopore are secn.

(2) Body wall comprises of thin cuticle, single-layered thin epidermal cells m:n:lr wi::}:nul
muscles. The myotomes and myocommata alternate. (For details of hody wall layers
see T. S. of Amphioxus through the oral hood.)

(3) The dorsal fin ray is present below the epidermis. . —

(4) The nerve cord is found below 2 or 3 myotomes in the middle. It con i

(5) The notochord with notochordal sheath and vacuolated chordal cells 15 prese
the nerve cord.

(6) The dorsal aorta is also found beneath the notechord. o -

{7} The intestine shows smaller diameter and is composed of endodermal Celis.
is surrounded by coelomic and atrial cavities, : :

the portal

(8) In the coelomic cavity below the intestine there are a few cut portions of thepo
veins, o e . el

(9) The atrial cavity surrounds coclom and opens ventrally by distinct atriopore, &l
in front of the ventral fin.

(10} The two metapleural folds are distinctly seen.

Identification— By renal papliiae.

[15] AI'-'IF;HIIDIUS—T.& of the Anal Region
Comments : =, Epidermii

(1)

(2)

(3)

()

(5)

()

(7)

As the body narrows posteriorly, Hi Y

the T.S. passing through the anal AN dorsal finray

repion shows smaller diameter and %

it tapers at both the ends. /.MJ \ m‘fﬂtumﬂi

The section shows body wall layers, ﬁk\\\ /

nerve cord, netochord, intestine and f i -, .‘ nerve cord

anns. ,_f&, 1"'-~ “.

Body wall is composed of cuticle, '= hord

epidermis and myotomes, (For derails é 1 not

see T8, Amphioxus through the oral ==

hood.) . """“ el dorsal aorta

The dorsal fin ray is present below 1\‘&\\\\. il

the poi idermi Iy, . m
pointed nptd:rn‘fm dorsally ﬁ /J/ \;

The merve c¢ord is found below E ﬁ /f/? !

dorsal fin ray and first myotome. 2 T i intestine

It has central canal. X : .. __+*"

The notochord is found benecath the : B2 anus

nerve cord, It has vacuolated chordal ;':.r

o t ventral fin

Dorsal aorta is present beneath the
notashord: Fig. 4-15, Amphioxus, T.5. through anal region.
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(8]
(9

L

The coelomic cavity enclosing the intestine is reduced.

Intestine opens to the exterior by the anus.

(10} The ventral fin is pointed in section.

Identification — By anal pore.

[16] AMPHIOXUS—T.S. through Caudal Region

Comments :
(1) The section through caudal region is somewhat smaller in size and without any
opening.
(2) Body wall is composed of cuticle, single-layered dorsal lobe By ﬂgr:;:r
epidermis and myotomes. {For details of body wall of caudal fin
see T.85. Amphioxus through the oral hood.)
(3) The dorsal fin ray is found at the base of dorsal fin epidermis
below the epidermis. "
a - arve ¢
(4) The nerve cord with neurccoel lics below the dorsal %
fin ray. notochord—
(3) The notochord with vacuolated chordal cells is found
. : g1 ] Db
below the nerve cord. It is a supporting rod.
{6) The caudal artery and caudal vein appear below myccommata e
the notochord. firl ray
. 2 1
{7} The artery is found dorsal to the vein, dorssl SO0E Famml
, ; in
{(8) The alimentary canal is absent. sub-intestinal vein
(@} The atrial cavity, coelom and metapleural folds Fig. 4-16, Amphioxis
are absent. T 5. through caudil reglon.
(10) The caudal fin with fin ray is present posteriorly,

Identification—By the absence of any opening.

E. CYCLOSTOMATA

[17] AMMOCOETE LARVA—Whole Mount (Borax carmine stained)

Comments :

{1) It is one of the stages in the development of lamprey. The egg develops intc ammocoele
larva, which is a tiny transparent creature in the beginning and Jater on becomes
opaque, 170 mm. long eel-like fish. Tt lies buried in mud.

{2} The general body form is cel-like.

(3} The mouth or buceal cavity is surrounded by upper and lower lips, having number of
buccal tentacles or oral eirri.

(4) Velum is found at the posterior end of the buccal cavity followed by the pharynx,

(5) Pharynx has 7 pairs of gill slits. Gill arches and gill lamellae lic in the wall of these
pouches. Ventrally pharynx contains double strand of mucus-secreting cells called as
endostyle which would form thyroid gland of the adult.

{6) Head contains median nostril, eyes on sides and an awditory organ.

(7)

The larva contains median fin which forms continuous dorsal and caudal fin, Ventrally
median fin forms ventral fin.
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notochord  dorsal fin

buccal cayity endostyle heart

livwer

Intestine

Fig. 4-17. Ammoceefe larva.

(8) The nerve cord with anterior brain divisions extends anteroposteriorly along the
notochord.
(%) Notochord extends along the entjre length of the body.
(10) Myotomes are segmentally arranged.
(11) Heart lies ventrally posterior to the pharynx and has 3 chambers,
(12) Pronephros is seen above the heart,

(13)
liver and gall bladder.

(14)
Cyclostomata,

Identification— By 7 pairs of gill slits.

Digestive system after pharynx consists of oesophagus, wider intestine. anal opening,

Ammocoete larva shows intermediary characters between Cephalochordata and

[18] AMMOCOETE LARVA—T.S. of the Branchial Region

Comments :

(1) T.S. passing through branchial region
shows distinct gill lamellae along with
nerve cord and notochord, cte.

Body wall is composed of epidermis,
dermis and musculature. The muscles
comprise of thick myotomes, separated
by myocommas.

Nerve cord
notochord,

Notochord is surrounded by the

notochordal sheath and vacuolated
chordal cells,

(2)

(3) lies just above the

(4)

{(3) Below notochord
pharynx.

lamellae,

On dorsal side of the pharynx is
dorsal norta and mid-dorsal cartilage,

while on wventral side is thyroid
Involations.

is  wide-lumened
It contains scveral gill

(6)

- suppOring
epidarmis tissue
darms narve cord
myolomas
¥ ptochoid
mid-darsal
ciliated b
idge
5 ﬂi-” |arnc lag
hyro
nwlutions iaredal
musclas
rriegd -wentral pharyna

Fig. 4-18,

Ammocoere larva.
T.5, branchial repion.

\
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(7
(3)
(%)

(10)

Below thyroid involution bundles of mid-ventral muscles are seen,

Pharynx also contains velum, ciliated bands and endostyle.

Endostyle in larval condition secretes mucus but during metamorphosis it develops
into thyroid gland, which eontains iodine vesicles.

Pharynx performs both nutritive and respiratory functions,

Identification— By mid-dorsal ciliated ridge.

[19] AMMOCOETE LARVA—T. S. of the Intestine
Commenis :

(1)

(2)

(3)
()

(5}

(6)

(7)
(8)

T. 3. passing through the intestine ryotomas
shows usual parts of the body wall, 1
nerve cord, notochord, musecles and
intestine.

nerve cond

Body wall is composed of epidermis,
dermis and mvyotomes, which are
especially developed on dorsal side.
The supporting tissue and nerve cord
lie close together.

The wvacuolated notochord is sur-
rounded by notochordal sheath.

The intestine is wventrally situated.

nataahondal
sheath

natachond

sub-varipbral
blood #nUs

coelom

1yphilosole
It is lined by endodermal columnar g ] e
cells. Ui spidarmis
On ventral side intestinal cpithelium dermis

15 raised to form typhlosole, which

s . Fig. 4:1%. Anmccodte farva,
increases absorptive surface.

T.S. intexdtine
Sub-vertebral blood sinus is found below the notochord.

Intestine is surrounded by coelomic cavity lined by coelomic epithelinm.
Identification— By intestine and fyphlosele.

[20] AMMOCOETE LARVA—T. S. of the Caudal Region
Comments :

The section is smaller in size. It contains the same body-wall layers as in T.S.

of the intestine. There is no other visceral strocture except notochord, nerve cord, supporting
tissue and muscles.

2] PETROMYZON—T. S. of the Branchial Region

Comments :

(1) The T. S. passing through the above region shows body-wall layers, prominent gill
lamellae along with muscles, nerve cord, notochord and other visceral strugture.

(2) Body wall is composed of epidermis made up of stratified squamous epithelinm, which
is sometimes covered with polyhedral cells, dermis and musculature. Epidermal cells
may be mucus-secreting cells, granular cells and club calls,

(3) Dermis is made up of a dense connective tissue of compact fibres.
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(4)

(3)

(6)

(7}

()

(9)
(10)

Muscalature comprises of thick myolomes adipose tissus
mvyotome bundles and myosepta \{ _

¥ .4 P myoaapta NrEa £ gpinal cord
or myocommata, R R
The cut notechord is composed efferent i"; i ke itckan
of vacuolated cells covered by By (B!
notochordal sheath. = = pntorior

cardinal

Above notochord is nerve cord dorsal Sines

; aorta
and adipose tissue, which forms
fat column. aesophagus

Dorsal aorta is found below the

notochord and is followed dorso- effarent L gill pouch
HE.'II'IE_“TB! 3 -lllil,u!.‘-':”.:.l:-"'

ventrally by the oesophapus, T artery R

respiratory tube and wventral ventral oorta gill tamelize

aorta.

Fig. 4-21. Pieromyzon. T.S. branchial region.
Anterior cardinal sinus, efferent

branchial artery are found on the sides of the dorsal aorta in tandem position.
Afierent branchial artery is found on each side of the ventral aorta,

The two gills consisting of gill lamellae occupy large space in the ventral half of e
section.

Identification— By the large pharynx with gill poucles.

[22] PETROMYZON—T. S. of the Trunk Region

Comments -
(1) This section can be at o i A
) nee recu:lignlzed s a andiion
by the presence of wvarjous visceral dareal fin

(2)

(3)

()

{3}

(6)

(7)

(4)

organs.

The above section contains body-wall
layers, merve cord, notochord, kidney,
gonads and intestine, ete,

Body wall comprises of polyhedral
cells, stratified squamous epithelionm,
dermis and musculature. Epidermal,
cells may be mueus secreting cells,
granular cells and club cells,

l':'!c:rmis 15 made up of a dense connee-
tive tissue of compact fibres,

Myotomes separated hy myocommata

pOSLEar
cardinal sinus

e mgFonaphric arlam
are very distinct, duct a1
The anterior dorsal fin is supported by
cartilaginous radials arra nged in a coclom intesting = aplral valva

sitngle serics, Some fin muscles arg
also seen in the section.

The vacuolated noiochord is com

epithelium, which with its base
clastic interna.

Above notochord is nerve cord.

FEE- =22, Prl'rr.'llnj;l':r.ln, T. 5. ok :'I:g_il:lﬂ.

posed by notochordal tissue covered by notochordal
ment membrane forms elastic interna and a thin black
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(9} Also note posterior eardinal veins, dorsal sorta below notochord, and two kidneys withs
mesonephric duct,

(10} The gonad (ovary) is suspended from dorsal body wall by mesovarium, The intestine
with spiral valve is also seen below ovary. Coelom is bounded by splanchnopleure and
somatopleure,

[23] PETROMYZON—T. S. of the Tail
Region

pasiErio
darsal fin

Comments :

(1) The section is smaller in outline, radials

(2) Body wall is composed of epidermis,
dermis and muscles. (For details of
hody wall fayers see T, 5. Petromyzon
through branchial region.)

(3) The dorsal and wventral lobes of
the caudal fin are supported by
cartilaginous radials.

(4) Spinal cord, notochord, caudal artery,
and caudal vein are seen in the middle caudal vein
of the section. :

(5} The myotomes and mysosepia are
distinet.

fin muscles:
s];uinnl cord
motochard

caudsl artery

yaniral fobe of
caudal fin

Fip. 423 ' Pefromyzof
T. S, tail region.

C. FISHES

SCOLIODON —Hand cut section (T. S.)

Transverse sections are prepared from specimens that have heen preserved and
hardened in formalin.  With the help of a Butcher's knife or sharp razor, cut the hardened
5p:-:irfwr1 through eye region, olfactory region, branchial region, stomach and liver region,
intestinal region, pelvic fin region and caudal region. d

[24] SCOLIODON—Hand cut T. S. of the Eyve Region
Comments :

(1) This section can at once be recognized
by prominent eyes on the sides,
Section is oval.

(2) The entire section is covered by the
skin, which contains several placoid
scales and small denticles. %

(3) Eyes are found on either side of the lower jaw Buccalcavity 4

section. Each eye contains cornea Fig. 4:24.  Seoliod
Sl i 2. o=ia, ' (L
and lens. Eye is innervated by thick Hmﬁ cut-T..8 L—,.-,- region

optic nerve,

{4) The interior of the section is occupied by the cartilaginous craniom.
(3) In the middle of the section is brain.
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{6) On the ventral side lower jaw is also seen.
(7} On the dorsal side several rounded sensory ampullae of lorenzini are seen.

{8) Myotomes arc absent.

[25] SCOLIODON—Hand cut T.S. of Olfactory Region

Comments :
'“-} The .EEE'EI.-DI:I. is somewhat oval in olfactony ML seh S1hmaid intepuiment ampuliae ot
cutline, capsula cartilage loranza

(2) It is covered by skin on all sides
which is of several placoid scales.

(3) The middle of the scction has
cranium and brain.

(4) On either side of the section
various cul parts of the internal
ear like ampullae, semicircular
canals, sacculus lagena and Fig. 4-25.  geoliodon.
utricnlus are seen. Hand cut T.§_ o glfactory Tegion,

(3} On ventral side, the pharynx, hyoid and branchial arches are a)z0 seen.

[26] SCOLIODON-—Hand cut T.S. of the Branchial Regian

Comments :
(1) T.S. passing through above region shows body wall layers, myotomes., nerve cord,
notochord, oesophagus, heart and bronchii or gills.
{2) The section is covered by pigmented skin or ‘integumeni from all sides, Skin is
composed of epidermis and dermis.

darsal cutaneous veln

myacommati ninal cord

myotome INtegumenc
lateral line canal lataral
cutaneocus

natocho vein

ocesophaglis
coalam

BiNUS vanosls

opening of L 2 - i aorta
inferior 2y : . il
jugular vein R A e
R e e
b AN el _.EL gill
ventricle [ N pouch
pericardial S ".q: o e fdo o -' G e ; coracoid
cavity e e ' cartilage

gpening of hepeatle sinus
Fig. 4-26, Seoliodon. Hand cut T.S. of the branchiyl regiom.
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(3) The skin contains several dermal placoid scales.

{3) The dorsal hall of the section has thick segmental muscle bundles myotomes, separated
by myocommata, The mvotomes are concentrically arranged.

(5) In the middle of the musculature cartilaginous veriebra i5 found.

{6) The spinal cord with neurocoel is found in the vertebra,

(7) Notochord is found just below the nerve cord,

(8) Dorsal aorta is situated just beneath the vertebra,

(9) Oecsophagus with thick walls and villi is found just below the dorsal aorta. Beneath
oesophagus is pericardial cavity enclosing sinus venosus and the thick-walled ventricle,
Below pericardium is the coracoid cartilage,

(10} The gills with gill pouches are found on the side of pericardium and coracoid cartilage.
Gills occupy entire side ventral halves. Various cut blood vessels are also seen.

[27] SCOLIODON—Hand cut T.5. of Stomach and Liver Region

Comments ;

(1) T.5. passing through above region shows body wall layers, musculature, spinal cord,
nerve cord, stomach and liver. Section is roughly triangular.

(2) Body consists of skin and musculature. Skin is made of epidermis and dermis. Several
dermal placoids are found in the highly pigmented integument.

(3) The myotomes are thick muscle bundles, arranged concentrically and separated by the
myocommaia. Practically entire dorsal half of the section contains segmental
myotomes.

(4) In the central axis there is a median vertebra,

dorsal cotanaous vein

integuient

myotomas ‘*/0-'?

MyEammits spinal cord
lateral . e vartebra
line canal T e
‘ X = :I:- ! I dorzal aorta
kidney TR S e
iF e ' it
i posterior
stomach 'IE'I:E cardinal
wain
coelam
fifth
branchial
arch
Pactoral
fin cartilage \
iver

ventral cutanoous vein

Fig. 4-27. Scoliodor. Hand cut T.8. of stomach and liver region
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(5) MNerve cord with neurocoel is found in the vertebra.
(6) Notochord is found just beneath the nerve cord.
(7) Daorsal aorta is found just below the vertebra.

(8) The ventral half of the section has a spacious coelomic cavity, lined by visceral and
peritoneal layers and containing visceral organs.

(9) Thick walled stomach with internal villi is found in the middle.

Kidneys are found on

the sides of the stomach, while liver is found below the stomach.

3 T f w|u ¥ E:FII
(10) Cartilage of pectoral fin, cut portions of cutaneons veins, fifth branchial arch and lat
line canal are also seen in the section.

Identification— By stomach.

[28] SCOLIODON —Hand cut T.S. of the Intestinal Region

Comments :

(1) T.S. passing through above
region shows body wall
layers, merve cord, noto-
chord, kidneys, gonads,
serpll valve in the intestine
etc. Section is pointed

dorsally.

(2) Body wall consists of
epidermis, dermis and
musculature.

(3) Skin with dermal placoid
seales covers the section
from all sides.

{4) Myotomes arranged con-
centrically and myocom-
mata occupy more than
the dorsal half of the
section on cach side.

(3) WVertebra containing mnerve
cord or spinal cord anpd
notochord is found in the
median axis.

(6) Dworsal aorta 15 found just
belaw the vertebra,

(7) Coelomic cavity iz reduced.
It accommodates viscera.

(8) Kidneys are found below
dorsal aorta. Cut portions
of the seminal vesicle and

n ceratotrichla

integument

dorsal
cyutanocus
vein

somactidia

of the first
dersal fin

spinal
nerve

laceral
line I I

'l
lateral — iy
cutanecus ko

WEIT ST e T —

1 "._"'._'-_:_' --‘I ; ] i-".},-_-.'.j:_: : =
¢El|:|il'la| 'I.I'\E“-l'—- = :_. -\._I'-\.:______.- .1'- Sk I.\.1-...__-_-.- A ey
........ - _'—-- ~ ‘_":;I'"ﬁ - o T
- s '-:.-"'\-‘-'-_' i‘]l T .-l_ y

kidney o o "W ll]ll.l ] i dorsal aorta

A P — = et L ]

e PR L 5 £ !
wesicula L hiasrds vl @ rtasting
seminalis % e B e = =

2 LSS 7/ lateral vein
[ o
T, < .
scrall valve R P i f:.:..-f posterio =
SR T intestinal vei

inters Intestinal vein

vantral cutaneous vein
Fig. 4-28. Secoliodon. Hand cut T.S. of the intestinal region

testes with spermatozoa are found below kidneys.

(9) Intestine is found below seminal vesicle. The internal fold forming anti-clockwise scroll

valve is very distinct.
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(10) Various cut blood veszels, spinal nerves and lateral lines are also seen in the section.
Identification— By the scroll valve in the intestine.

[29] SCOLIODON—Hand cut T.S. of the Base of the pelvic fin of Male and Female
Comments :

(1) T.S. passing through the above region shows body-wall layers, nerve cord, notochord,
kidney, uterus in females and seminal vesicles in males etc.
{2) Body wall is composed of skin and musculature,

(3) Skin covers the section from all sides, It consists of epidermis and dermis. Yarious
dermal placoid scales are found in the skin.

(4) Musculature consists of concentrically arranged myotomes separated by myecommati
and thev occupy the entire section, except some central area for viscera.

(5] Vertebra is found in the central axis. It encloses spinal cord and notochord in tandem
position.

(6) Coelomic cavity is very much reduced.

{7} Dorsal aorta is found just beneath the vertebra.

(8) Posterior cardinal vein, kidney and ureter are found below dorsal aorta, one after the
other, towards posterior side.

(9) In female Scoliodon the 2 uterii fuse together forming a single uterus, which lies below
the ureters.

{10) In male Scoliodon two seminal vesicles lie below the ureters.

dorsal
cutanosus vein myntomes
= — Integument
- ke e &
s ot spinal cord
: ' _._-;.--:_-Z- : i vertebra
T, S T - o i .._._"-',.-'. “.:. iatt.ra] “n: ﬂm“
) Y e,
e i ey ) lateral 1+ DRSS J |
Rt = (7 ) - Rt ‘ cutanecus vein At L ‘
. = - . et o A E -~ LN -
T T TP - ot T TR ¥ Chii i e ar ]
e oL posterlor A A gﬂrlf
o A T T cardinal vein P e el ;
AR 1| 1 || st T e R | 1
i 1 VT B kidney —at L

ULErus

e | R i, = A vesicula
—-:-l(_‘_\‘ coelom = ;ﬁ =, seminalis
rectum ::_-,J' £

vantral cutanaous vain Y
siphans

A B
Fig. 4-29. Secoliodon. Hand cut T.5. of the pelvic region.
A—Female, B—DNMMale,
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(11) Various cut portions of blood vessels, cartilage of pelvic fin and rectum are also seen in

the section.
Identification— By urerus in female and seminal vesicles in male,

[30] SCOLIODOMN—Hand cut T.S. of the Caudal Region

Comments :
(1) T.S. passing through the caudal region shows

bady wall, caudal vertcbra and muscle
bundles. No other structure is found in this

(2) Body wall is composed of skim and
musculature,

{3) Skin or integument consists of epidermis and
dermis. Skin has several dermal placoid
scales.,

{4) The concentrically arranged myotomes sepa-
rated by myocommata occupy almost entire
space of the section.

{5) Vertebra is found in sub-equatorial mecha-

LI § A ', - Vrtulﬁra
region, Apihg Nt s

spinal cord

caudal
~ 2Ty

eaudal
 WEn

nical axis. e
(6) Nerve cord and notochord are enclosed in the N800

vertebra. integumeant
(7) Caudal vein is found below the caudal artery. Fig, 4-30, Scoliodon.
{8) Caudal artery is found below the vertebra. Hand cut T.5. of the caudal region.

[31] FISH—Cyecloid Scales
Commenis :

(1) Cyecloid scales are found in
carps (telcost) and lungfishes
(dipnoi). They are located in
the dermal pockets and possess
lines of growth.

{2) Each cycloid scale is roughly
circular in outline without pulp
cavity and with free and smooth
barder.

(3) The scales covering lateral line
are frequently perforated per-
mitting the passage of small
connectives of lateral line to

outside,
(4) Cycloid scales are derived form
of ganoid scales in which ganoin, Fig. 431. Fish, Cycloid seale.

cosmine and bone cells are lost.

(3) The scales are soft, arranged lengthwise in diagonal rows.

]
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[32] FISH—Ctiencid Scales
Comments :

(1)

(2)
(3)

(4)
(3)

(6)
(7

(8]

(9)
(10)

Cienpid scales are commonly found
in most teleost and actinopterygian
fishes,

They are thin, soft and dermal trans-
lucent plates.

I ;
| > concent rig

They are composed of underlying lines af
fibrous layer covered by bone-resem- grawth
bling laver,
They contain concentric rings, repre-
senting lines of growth.
The lines of growth vary in different

& y B tiny teeth

SpeEcimens.

Ctenoid scales do not contain ganoin.
Each scale is embedded in a small Fip. 4-32. Fish. Ctenold scale.
dermal pocket.

The scales are obliquely arranged so that posterior end of one overlaps the anterior
end of the following scales,

Basal end is scalloped and free edge bears numerous comb-like projections.

Ctenoid scales are derivatives of ganoid scales in which canoin, cosmine layers and
bone cells are lost. The pulp cavity and dentine are entirely absent.

[33] FISH—Placeid Scales

Comments :

(1)

(2)

(3)

{4)

(5

(6)
(7

: trident spines
With very few exceptions, placoid

scales are abundantly found in dermis
of elasmobranch fishes.

The placoid scales are arranged in
regular oblique rows. They are dermal
in origin and cover entire surface of
the body, forming dermal exoskeleton
of the sharks.

Each seale is composed of a basal .
bony plate embedded in the dermis,
from which a spine projects upwards
and points posteriorly.

The basal plate is formed of a trabe-
cular calcified tissue.

The spine is composed of dentin

covered by a hard material, vitro- Fig, 4-33, Fish, Placoid scole.
dentine.

opening of
pulp cavicy

The placoid scale contains a pulp cavity in spine,

The pulp cavity contains odontoblasts, dentine forming cells, blood capillaries, nerves
and lymph channels,
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(8) The general similarity in structure of placoid scales 1o teeth of higher forms should be
apparent. Both are considered to be remnants of bony armour of such primitive
vertebrates as ostracoderms and certain placoderms.

Identification— By indent spines.

[34] FISH—Ganoid Scales

darsal

apenings of
laceral line
canal

poscarior

Fig. 4-34. Fish. Ganoid scales.

Comments :
(1) Ganoid scales are found in primitive ray-finned fishes such as Polyprerus and gAT
pikes.

{2} The scales are covered with a hard, shiny and translucent material of mesodermal
origin called as ganoin,

(3) Ganoid scales fit together like tiles and are arranped in diagonal rows.
{4) The scales are dermal in origin.
(5) Each scale consists of a bony base, coated by shining substance called as ganoif.

D. AMPHIBIA

[35] FROG—V.S. of the Skin

Comments :

(1) Skin covers on all sides and due to amphibious life, skin is thin, tough, slimy, slippery
and richly supplied with mucous glands. Vertical section passing through the skin of
frog reveals two distinct principal Jayers—epidermis towards outerside and dermis
towards inside.

(2) Epidermis is composed of several epithelial cells, differentiated into two layers. The

outermost layer consists of keratinised stratum corneum, while inner layer is strafum
germinativum,
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poison gland mucous gland

J stratum corneum
epidermis

stratum malphigi

1

LCratum

sponglosumsy chromatophores

Bloed vescel

stratum L e |

- e — —_— = T
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Fig, 4-35, Frog. V.5.skin.

fymph sinus

{3) Stratum corneum comprises of several stratified layers of cells. Outermost layer is of
squamous corneal cells,

{(4) Stratum germinativam comprises of single layer of columnar cells resting on basement
membrane. These cells divide mitotically and move towards exterior. As these cclls
move, they beeome scale-like and contain fibrous protein, called as keratohyaline, As
cells reach ontermost layer, keratohyaline dries and become keratin, which forms
waterproof layer.

{5] E]][dl:rl'l'.l.jﬂ contains milcnis ﬁlanﬂs and in SOMLE Epﬂﬂiﬂﬁ of Hana Fﬂiﬂ:ﬂl] g‘lﬂlldﬂ EIEE.

(6) Dermis is found just beneath epidermis and is differentiated into two zones. The outer
zone is made up of spongy fibres and called as stratom spongiosum, while inner zone
stratum compactum containing dense connective tissue fibres,

{7) Dermis contains nerves, muscle fibres, blood capillaries and chromatophores.

{(8) Chromatophores are coloured pigments and are of 3 kinds :—
(a) Lopohores contain yellow pigment or xanthophyl.
(b) Melanophores contain black pigment, called as melanin.
() Guanophores contain white reflecting substance, called as guanine.

(9) The contraction and expansion of pigment granules are under hormonal control.
Epinephrin from the adrenal gland controls the concentration of granules in the centre,
while intermedus from pituitary controls the spreading of the granules.

(10} Skin of frog performs various functions, such as protection, water observant, respiratory,
mucus secreting, sensory, excretory and swimming.

Identification— By mucous glands.
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[36] FROG—T.S. of the Stomach

Commenis ©

(1)

(2)

(3)

(4)

(5)

(6)

(7) There isa ganglionated nerve plexus between

Stomach is a broad tube, highly muscularised, having
masticatory and digestive function. Histologically stomach
is composed of serosa, musculature, sub-mucosa, moscularis
mucosa and mucosa,

The serosa forms the outermost layer. It is derived [rom
visceral peritoneum and is composed of flat squamous cells,
called as mesothelium.

Muscalature consists of outer longitudinal and inner Fig. 4-36. Frog. T.5. stomach
circular muscle fibres. {low magnification)s
The outer longitudinal muscles run longitudinally a
By the contraction of fongitudinal muscles, stomach
of the lumen is widened.

“The inner circular muscles consist of
longitudinal fibres. By the contraction o
hut the volume of the lumen is reduced.
By alternate contractions and relaxations of longitudinal and circula
is pushed backward and is also masticated.

nd are made up of unstriped fibres,
becomes shortened and the volome

circular fibres. It forms thick layer thao
f these muscles, stomach increascs in 115 SiZe

¢ fibres, the food

longitudinal and circular muscle layers.

gastric ] mucosa
glands A
R
e
muscularis
mucosa

Fig. 4.37. Frog. T. 5. through stomach (high magnification).
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(8) Sub-mucosa is made up of loose areolar connective tissue having merves and blood
vessels. It serves to bind loosely musenlaris mucosa with the muscular coat. It also
contaning blood vessels and lyvmphatic vessels,

(9) Muscularis mucosa consists of longitudinal and circular layers.

(10) Mucosa is the innermost layer thrown into folds or villi, Mucosa consists of inner
columnar epithelial cells, resting on basement membrane and outer lamina propria.
Mucosa contains poblet cells, oxyntic cells (HC| secreting), zymogen cells (pepsin
secreling) and mucous cells (mucus secreting).

(11) Functions—As soon as food reaches into the stomach, its muscular walls masticate
the food: its gastric glands secrete digestive enzymes which hydrolyse the food. Pepsin
breaks peptide bonds and converts proteins into derived proteins i.c. peptones and
proteoses. HCI kills the bacteria or living food and converls inaclive pepsinogen into
active pepsin.

137] FROG—T. S. of Duodenum

Commenis :

(1) Histologically duodenum resembles with ileum but its mucosa is peculiar. The
section shows serosa, musculatore, sub-mucosa, muscularis mucosa and mucosa,

willi

a
aﬂdﬂw
1 -.:
r L)
_ .-f:a
A A
HE"‘ o mucosa

T heneind Fd b-mucosa
e Cr b=
S o .

& K, -
e T CR
—-'!"'-*J “'E-::.;:r:i

circular muscls
layer

longitudinal
muscle |ayer

ierosa

nucleus
Fig, 438, Frog. T. 5. of dupdenum;
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(2)
(3)
(4)
(3)
(6)
(7)

(8)

(3)
(10)

Serosa forms outer covering of duodenum. It is derived from the visceral peritoneum
and is composed of flat sqgpamouns epithelial cells, called as mesothelium.

The musculature or muscular coat is composed of two layers of muscular tissue, an
outer thinner longitudinal and inper thicker circular.

The longitudinal muscles are composed of unstriped fibers. By its contraction, the
doodenal tube is shortened but the volume of its lumen is widened.

The circular muscles consist of circular fibers. By their contraction, the duodenal
tube increases in size but the volume of its lumen decreases.

Between Jongitudinal and circular muscles lics a network of lymphatic vessels and
nerve fibres.

Sub-mucosa is well developed and is composed of loose connective tissue. In it the
blood vessels and lacteals ramify before entering or after leaving the mucous membrane.
It also contains nerves.

Mucosa is thrown into irregular and branched villi. The villi are highly branched and
form a sort of network and contain Brnnner's glands which produce mucus. The
crypts of Liaberkuhn produce sucens entericus.

Muscularis mucosa consists of inner eircular and outer longitudinal layers.

Functions—Duodenum is V-shaped. It encloses pancreas. Secretions from liver and
pancreas are poured into the lumen of duodenum. Two hormones, cholecystokinin E'“'.d
secretin, secreted in it, stimulate liver to secrete bile and pancreas to secrele PE‘“'EI'_:M":
juice, respectively. In duodenum food is converted into amino acids and polypeptides,
maltose and fatty acids and glvcerol.

[38] FROG—T.5. of the Intestine
Comments :

(1)

(2)

(3)
(4)

(5)
(6)
(7)

(8)

Intestine is modified for absorption and hence it is less musculatis MUCosa
muscularised. The T.S. passing through it shows serosa, 55’“5:“”'“#5;
muscalature, sub-mucosa, muscularis mucosa and mucosa,

The serosa coat 15 complete except over part of the
duodenum. Serosa originates from the visceral peritoneal
layer and is composed of flat squamouns epithelial cells,
called as mesothelinm,

Fig. 4-39,
Fropg. T.S. intestine
(low magnification).
The longitudinal layer consisting of unstriped fibers forms thin layer. The size of the

intestine is decrcased and the volume of the intestinal lumen is increased by the
contraction of the longitudinal layer.

The circular muscle fibers form thick layer, When they contract, size of the intestine
15 incrcased and the volume of the lumen is decreased.

Between longitudinal and circular Jayers, a network of Iymphatic wvessels and plexus
myeniericus, consisting of plexus of amyelinated nerve fibres, is found.

Sub-mucosa is also well developed, made up of connective tissue and having nerves,
lymph spaces and blood vessels,

The blood vessels and lacteals ramify before or after leaving the mucous membrane,
The nerve plexuos is called as plexus of Meissner.

The muscle coat or musculature contains outer longitudinal
and imner circular muscle lavers.
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(2)

(10}
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Eig. 4-40. Frog 7.5, of ileum or small intestine (high magnificaticn).

Muscalaris mucasa s not Well developed and contains inper circular and outer
longitudinal muscle layers.

Functions—Mucosa js thrown 10to villi, It consists of a single layer of columnar
epithelial cells, having goblet cells and absorptive cells. The gﬂhlnt‘ cells secrete flﬂuﬂuﬂ-
while absorptive cells absorb food material. The intestinal juices are FEPH']“_":'
maltose, lipase, invertase and lactose, which hydrolyse the food inta sugar, fatty acics
and glycerol, glucose and fructose and glucose and galactose respectively.

[39] FROG—T.S. of the Liver
Comments :

(1)

(2)
(3)
(4

Amphibian liver is dark chocolate coloured and large in proportion to the size of the
body. The liver of frog contains three unequal lobes but connected with each other.
T.S. passing through the liver shows the following histological details.

The liver is a solid glandulﬂr organ, made up of polyhedral hepatic lobules in the form
of branched columns, separated from one another by the connective tissue.

Externally liver is covered by scrous coat and each lobule penetrated by finc network
of connective tissue and sinoseid blood vessels, called as hepatic capillaries.

The portal vein, afferent blood vessel and hepatic artery enter its undersurface, where

bile duct passes from the gland. The fine branches from above three form interlobular
and intralobular vessels,
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(5) The wall of the sinuses contain
Kupffer cells of phagocytic nature, E'li:ggg
(6) Each hepatic cell containsone or two
vesicular nuclei, fat droplets, pigment
agranules, ribonucleoprotein, glycogen,
mitochondria and Golgi bodies. hila
(7) The glycogen formation occurs in the capillary
middle of the lobule, while peripheral
area secretes bile,
(8) Large ducts drain bile capillaries and ol
they unite to form hepatic duct. rapﬁf;f?
(9) The bile secreted by liver 15 stored
into a large pear-shaped saccular
structure, called as gall bladder.
(10) Liver has the following functions— r higﬁ:m

{a) Itsecretes bile juice, consisting
of bile salts, bile pigments,
cholesterol and lecithin, which

act as fat emaulsifier, Fig. 4-41. Frog. T.S. of liver,

{(b) It stores glycogen, inorganic salts
of iron and copper. Glycogenesis and glycogenolysis take place in liver.

{c) Liver produces fibrinogen and® prothrombin, which are essential components of
clotting of blood. It preduces heparin, which prevents blood clotting.

{d) Liver changes ammonia into urea. Urea synthesis takes place by ornithine cycle.
This process is also called as deamination.

(e) Liver also controls oxidation of sugar. (f) Itisexcretory.
{g) In embryonic condition liver produces blood corpuscles.

(h) Various enzymes are synthesized in liver.

{1y Liver also stores and synthesizes vitamins,

(I) Liver is a very important organ for metabolism,

[40] FROG—T. S. of Pancreas

Commenis :

(1) Pancreas is noteworthy because in amphibians one or more pancreatic ducts open
either directly into duodenum or indirectly throngh bile duct,

(2) Pancreas is 4 large and yellow-coloured compound tubule-alveclar gland, situated
between duodenum and stomach, and covered with coclomic epithelinm.

(3) Histologically it is composed of several lobules or acini, connected by loose connective
tissue,

(4) Each lobule contains bunch of secretory cells and a central lumen.

(5) Thn_ cytoplasm of each lobule is filled with granules and in haematoxylin-stained
sections outer part 15 more deeply coloured than the inner, due to concentration of
mitochondria.

(6) The centre of the acinus communicates with the nearest duct and it secretes digestive

ENZYINES.

.
|
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(7)

(8)

(<)
(10)
(11)

(12)

granular
tytoplasm

Fig. 4-42. Frog. T.S5. of pancreas.

Pancreas section is peculiar and can be easily identified by the presence of speeial cells,
called as islets of Langerhans.

In eosin~hacmatoxylin stained sections islets of Luangerhans cells appear as rounded
masses of cells with unstained cytoplasm. There are 3 kinds of cells—

(2) e-cells which secrete a hormone, called glucopon,

(b) PB-cells secrete insulin. (¢} Some indifferent agranular cells of unknown function,
Islets of Langerhans do not have ducts and function as endocrine glands.

Pancreas is very vascular and also innervated by parasympathetic nerves.

Pancreas plays a dual role in the body, serving both as exocrine and endocrine glands.
Exocrine secretion consists of digestive enzymes, such as amylopsin, trypsin and lipase.
Endocrine secretion is that of islets of Langerhans which produce insulin and glucogon,
secreted by B-cells and w-cells, respectively,

Insulin plays an important role in carbohydrate metabolism. It regulates blood sugar

level. Its deficiency causes a discase, called as diabetes. Glucogon increases the blood
sugar level. Its deficiency causes hypoglycemia . | '

[41] FROG—T. S. of the Spleen
Comments :

(1)
(2)
(3)
(4)

Spleen is a small, rounded and dark brown structure, found above rectum,
The splecn is covered with a fibrous and muscular capsule.

The capsule is externally covered by yisceral peritonenm,

The capsule sends bands or frabeculae, which ramify into the substance of the gland.
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(5) Into the network of the trabeculae there is a soft I'“llur mass, called as ﬁplﬂlll.l! |Il.l|]].
(6) Splenic pulp may be red pulp or white pulp, ) 4
(7) Pulp contains 3 kinds of cells—(a) phagocytic histocytes: (b) reticulum cells forming
network, and (¢} giant cells with multiple nuclei. J .
(8) The section contains, besides the above cells, blood corpuscics, malpighian corpuseics
blood capillaries and nerves.
(9) The reticular cells and phagocytes belong to endothelial sysStem.
(10) Spleen has the following functions :
(a) It produces antibodies.

2 H and
(b) Spleen stores and synthesizes leucocytes (W.B.C.) Spleen is dilatable
contractile.

: . i Id
{¢) It contains macrophages, which are rggpnnmhlﬂ for the destruction of o
erythrocytes.

(d) Tn embryonic condition it produces erythrocytes but after birth lencoeytes £25
prodoced.

[42] FROG—T. S. of the Lung -

Comments :
(13 There is a pair of sac-like lungs, one on either side of heart. TLung nli' frog is not much
elongated, but it is well developed having more alveolar spaces and rich blood supply.

(2) Lungs are formed by the ramification of the bronchi and their terminal expansions.
T 5. of lung shows the following histological details.

(3) The section comprises of lung wall, alveoli and a central cavity.

(4) The lung wall is composed of outer peritoneum made up of squamous epithelial cells,

connective tissue and unstriped muscle fibers. Inner wall is composed of ciliated
epithelizl cells, mueous glands and blood capillaries.
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Fig. 444. Frog. T.S. through lung (low magnification). Fig, 4-45. Frog. T.5 of a portion of

lung highly magnified,
(3) Blood capillaries form network.

(6) The central cavity is partly divided into numerous chambers or alveoli, partitioned
by trabeculae.

(7) The trabeculae partly contain flattened squamous epithelinum and partly ciliated
columnar epithelial cells. They are richly vascularized and muscularized,
(8) The alveoli and trabeculae increase the respiratory surface.
(?) Lung develops in the same manner as secretory gland.
(10) Lung is an important respiratory organ meant for external respiration, where oxygen

from the atmosphere is taken to combine with haemoglobin forming oxy-haemoglobin.

From the lungs oxy-haemoglobin is transported to cells for tisswe or cellular
réspiration.

[43] FROG—T. 5. of the Spinal Cord
Comments :

(1} Medulla oblongata, after emerging from foramen magnum, continues posteriorly as
spinal cord,

(2) T. 5. of spinal cord shows that it is coated by piamater and doramater. ;

(3) The bioplasm of the nerve cord is divided by dorsal and ventral tissues and is
differentiated into outer white matter and inner grey matter.

{4) White matter is devoid of nerve cells.

(5) The grey matter contains nerve cells and a central canal, which is continued with the
ventricles of brain. It is lined by a single epithelial layer, ealled as ependyma.

{6} Grey matter forms squarish area, buot dorsal and ventral horns are not very much
distinct.

=

(7) In mid-dorsal axis, dorsal and ventral tissues are seen.
{8) B5pinal cord has the following functions—

(a) It receives stimulus from dorsal and ventral roots.
(b) It transmits impulses to the brain and from the brain, () It causes reflex action.
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Fig. 446. Frog. T. 5. of spinal cord.

[44] FROG—T. S. of the Kidney
Comments :

(1) The kidoey of adult frog is opisthonephiros.

(2) There are two kidneys, each representing a compound tubular gland. T.S. through
a kidney shows nephrostomes, uriniferous tubules and Bowman's capsules.

(3) Each kidney is covered by visceral peritoneal layer on inner side only.

{4) Nephrostomes—These are funnel-like structures communicating with the coelom and
to the vein of kidney. They collect excretory matter from coelom.

(5) Uriniferous tubules are cut in various planes and are lined with ciliated and glandular
epithelial cells.

peritoneal connective

COVERINg tissue capsule

bload caplllary blood capillary

bowman® capsule

uriniferous tubiyles

glomerulus nephrostome

Fig. 4-47, Frog. T. 5. of kidney.
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(6)
(7)

(£)
(9)

(10)

Bowman’s capsules are cup-shaped structures, confaining network of afferent and
efferent vessels, which form glomerulus.

Bowman’s capsule and glomerulus are chiefl excretory filters and are collectively called
a5 Malpighian body.

Renal arteries and veins are cut at several places in section.

Bowman's capsule leads into a uriniferous tubule, which after contributions opens
into a collecting tubule.

Function of kidney—It functions to stabilize blood stream by extracting water, urea,
uric acid, phosphates and sulphates, etc. Various discases associated with kidney are
glycosuria, albuminuna and nephritis, ete.

[45] FROG—T. 5. of the Testis

Comments :

(1)
(2)

(3)
(4
(3)
(6)

(7}

(8) Sertoli cells are absent.
intertubular Peritomneal blood
Cconnectiva & pithaliom wvesaels
AT : ;

geminiferaus
tubules

Fig. 4-48. Frog, T. S, of testis

Testes arc attached with kidney by mesorchium and arc also associated with fat bodies,
T. S. through testis shows that 1t is composed of peritoneum, seminiferous tubules
interstitial cells and blood vessels.

Each seminiferous tubule is lined with germinal epithelium, the cells of which undergo
spermatogencsis to give sperms,

In mature testes, bundles of spermatozoa are seen in the cavity of seminiferous tubules.
The spermatogonia, spermatocytes, spermatids and sperms representing various stages
of spermatogenesis are scen
in the section.

The section shows cut blood
vessels and connective tissue.
The interstirial cells present
im  the section secrete mile
hormone, testosterone, which
i1s responsible for developing
secondary sexual characters.

ERAE e B rEna
propia

B

o |

masorchium

gpermatozon sparmatids connactive issua

tlow magnification), Fig. 4-49. Frog. T. 5. of a part of testis {magnified).
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[46] FROG—T. S. of the Ovary

Comments :

(1) There are two ovaries attached 1o
kidneys by mesovarigm.

(2) Each ovary is composed of several
hollow lobules containing developing
ovi.

{3} Each lobule is surrounded by external
theca externa, which corresponds to
the peritoneal epithelium of the testis.

{4} Tt is composed of peritoneum, outer
connective tissue layer and germinal
epithelial layer.

(5) Several sacs of various sizes are
conneccted to theca exierna,

(6) Each sac is further covered by theca
interna, which is made up of muscle
fibres, blood vessels and nerves.

(7} The theca imterna is incomplete at
the place, where sac is connected io
the outer wall of the ovary. Itis
at this place that ovum, when fully
mature, bursts and falls out into the
coclom.

(8) The ovum is surrounded by follicular
cells which develop from cogonia,

{(3) The follicular cells, theea externa and
theea interna form  ovarium stromuo
which secretes female hormones.

(10) Each ovum contains a nucleus for
fertilization and pranular yolk for
nourishment.

(11)

occurs in the water.

Identification—B8y developing ova,

Practical Zoolegy : Vertebrate
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Fig. 451. Frog. T. 5. of a part of ovirf

The ovum is released in the primary oocyte stage. The second maturation division

E. MAMMALIA

{47) RABBIT—T. S. of the Skin

Comments *

(1) Mammalian skin is characterized by having various glands and hairs in abundance.
(2) T. 5. through skin shows that it is composed of epidermis on outside and dermis

towards inner side.
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Fig. 4-52. Rabbit. ¥. 5. ofskin.
(3) Epidermis consists of stratified squamous epithelium, the cells of which are arranged in

(4}

(3]

(6]

(7)

(8)

strata, The cells are arranged in four layers namely :

(a) Stratum corneum—Outermost cells without nucleus, It is cornified layer conlains
ing Keratin.

f_b‘l' Efrﬂtl'll'l'l Illﬂi.iIlllﬂ—Ng;.‘_[ Iﬂ!r'ﬂl.' ﬁDHEiﬁtﬁi of Hat cells without gi’ﬂ.l’!ll]EE E].T.l.d ha-'l"h]g
eleidin,

(¢} Stratum granulosum— This third layer contains granules of keratohyalin.

(d) Stratum malpighii—This is innermost layer, consisting of germinal layer. New
cells are budded off from this layer mitotically and mave upwards.

Hairs are characteristic of mammalian skin only. Each hair 15 elongated structure,

consisting of hair shaft, hair follicle, hair cuticle, hair cortex, bair medulla, hair bulb

and hair papilla,

'_[-Iﬂi:r shaft projects obliquely on the body surface. Erector muscles move the hair
involuntarily,
Dermis—Beneath epidermis is dermis, It is formed of areclar connective tissue. It

originates from dermatome and contains collagen fibers, elastic fibers, histoeytes,
fibrocytes and mast cells.

Glands — Dermis contains various glands such as—

(a} Sebaceous glands—producing waterproof, oily substance,
(b) Sweat glands—sodoriferous,

(c) Mammary glands—producing milk.

(d) Meibomian gland—producing oily secretion in eyes.

Below dermis is a subcutaneous reticular layer, consisting of panpiculus adipose
globules,
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(2}

(10}
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G'l]-lgi- mMarzFoni E{:FpUEC]EE. Facinizn cﬂ-rpuﬁc]cE ﬂ.]"l.'lj c]]f].{ﬂgi of 'I'H"_ITI'i 2ie El-l.""l:l SEEn il'-ll
the scction.

Functions—(a) Protective, (b) defensive, (c) maintains shape, (d) receives stimuli,
(e) acts as insulators, (f) prevents loss of water due to adipose tissue, (g) excrelory
(sweat gland eliminates water and other waste products), (h) milk producing (by
mammary glands).

[48] RABBIT—T.S. of the Stomach

Comments :

(1) Stomach is an important, sac-like structure, functioning digestive and masticatory.
The cardiac T.S. is composed of serosa, musculature, muscularis mucosa, sub-mucosa
and gasiric glands.

(2) The serous coat or
serosa  forms outer-
ml:l..st JAVEL .H » mucous cells
derived from visceral
peritoneum and s
composed of  flat Sl s
squamons cells; called epithelial
as mesothelinm, cells

{3} Muscolature or mus-
cular coat -.I:uns‘ist; peptic cells —__
of outer longitudinal
fibres, middle circular
fibres and inner longi- muscularis

: : mucosa

tudinal and obligue

fibres.
sub-mucosa
$0fosa
muscular® mucosa circular
f==——__submucosa muscle layer
i

Fig. 4-33, Rabbit. T.S. of stomach

(4)

(3)

(6)
(7)
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Fig. 4-54. Rabbit. T. 5. of cardiac siomach,

(low magnification), (high magnification;,

The longitudinal muscles run longitudinally and are made up of unstriped fibres. By

their contraction, the stomach becomes shortened and the volume of its [umen is
widened.

The circular museles consist of circular fibers which form thicker layer than L M.F. By

the Cﬂ;’ttﬂctiﬂﬂ of these muscles the stomach increases in size but jits lumen is
reduced,

The longitudinal and circular muscles become thicker towards pylorus, The obligue
fibers are best developed in eardiac stomach.

There is a ganglionated nerve plexus between longitudinal and circular muscles.
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(%) Muscularis mucosa is weaker than in frog and it consists of inner cireular and outer
lopgitudinal hibers.

{9) The submucous coat is a layer of arcolar tissue, serving to unite the mucous membrane
loosely to the muscular coat, in which ramify the larger branches of the blood
vessels and lymphatics.

(10) Mucosa is thrown into folds. lts inner surface is covered by columnar epithelial cells
resting on basement membrane and lamina propia. Each fold contains gastric glands,
which consist of mucuﬁ.ﬁer_fre[ing cﬁ“gi z}'mﬂlgﬂﬂ or pﬁpﬁiﬂ.-iﬁﬂl‘&tiﬁg cells and Dﬂj'ﬂtic
cells or HCI producing cells.

(11) Stomach produces gastrin, 2 hormone, which
enZymes. :

{(12) Functions—By alternate contraction and FE‘”a‘ti““ of smm_ach muscles; foad s
masticated and pushed forwards and digested. Pepsin breaks P?Plldt bonds and converts
proteins into derived proteins i.e. peptones and proteoses.  Lipase hydrolyses fats into

glvcerol and fatty acids.

activates gastric glands to secretedigestive

[49] RABBIT—T.S. of the Duodenum
Comments *

(1) Duodenum is the first part of intestine and

(2) The T.S. shows that it is composed of OULST
miuscularis MuCosd
and mucosa,

{3) Serosa forms ouler
covering. It is derived .
from wisceral perito-
neum and is  made
up of flat squamous
epithelial cells.

{(4) Muscular coat con-
sists of outer longi-
tudinal and inner
circular fibers.

it receives all digestive enzymes.
serosn, muscular coat, sub-mutosa,

willi

erypt of
" lieberkuhn

brun ner's
glands

sub-micasa

sargsa

miuscularis MUGosa
obmucosa
Ml CO5a

circular
muscie fayer

langicudinal
muscle [ayer

=7 & peritoned

B 2 =T layer

Fig. 4.56. Rabbit. T. 5. of
duodenum (magnified).

Fig. 4-35, Rabbit. T.S. of
dusdenum (low magnification).
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The longitudinal muscles contain unstriped fibers. By their contraction duodenal tubs

iz shortenecd but its volume is widened. [
The circolar muscles contain thick circular fibers, which on contraction increase the siza
of duodenum but decrease its lumen.

Between longitudinal and circular muscles lies a network of lymphatic vessels and
close ganglionated plexus of amylinated nerve fibers called as plexus myentericus.

Sub-mucosa is well developed and is composed of loose connective Ussue. In it the

blood vessels and lacteals ramify before entering or after leaving the mucous membrane,
It also contains pangliopated plexus, called as plexus of Meissner. Its branches
supply to musecles and villi.

Muscularis mucosa is very much reduced.

Mucosa is thrown into villi or folds composed of single-layered epithelial cells. The
epithelial cells comtain crypts of Lieberkuhn., which produce succus entericus and
Brunner's glands which secrete mucus. o
Duodenum receives three kinds of digestive enzymes—(a) pancreatic juice containing
trypsin, amylase and lipase, (b) bile juice containing bicarbonate, glycocholate and
taurocholate, and (¢) succus entericus containing peptidase, lipase, invertase, mﬂhﬂ?ﬂ;
and lactase., These enzymes are secreted in response to two hormones sr:crcl:dm
duodenum : (i) cholechystokinin which stimulates liver to sccrete bile juice, and
(ii) secretin which stimulates pancreas to secrete pancteatic juice. In duodenum food

is converted into amino acids, polypeptides, maltose, glycerols and fatty acids.

[50] RABEBIT—T. S. of the Liver
Comments : -

(1)
(2)

(3)
(4

(3]

(E)

(7
(8)

Liver of rabbit iz a five-lobed structure. T. 8. passing through liver shows hepatic
lobules, bile ducts, bleod vessels and connective tissue,

The liver is a solid glandulo-reticular organ made of polyhedral cell masses or heptie
lobules measuring 1 mm. in diameter, Externally liver is covered with serous coat.
Liver has several functions as storape of glycogen, excretory and oxidation of sugar.
The bile canaliculi lie among the hepatic cells and connect in groups forming bile
ductule.

Each hepatic lobule is pierced everywhere with a network of sinusoid blood vessels
called as hepatic capillaries from introlobular hepatic arteries and intralobular
hepatic vein,

Conspicuous cells occur at intervals on the walls of the sinuses. These are called 25

stellate or Kupffer cells, They are highly phagocytic and they ingest erythrocytes and
other suspended particles,

Liver cells contain fats and glycogen,

I-iune:.iﬂns-—{tj Liver is a very important organ for metabolism.

(i1) It secretes bile juice consisting of bile salts, bile pigments and lecithin.

{!'iij It stores Elycogen, inorganic salts of iron and copper.

(iv) Glycogenesis and Glyeogenolysis tike place in liver.

(v) Liver produces fibrinogen and prothrombin which are essential components of
blood clotting. It also produces heparin, an anticoagulant substance,

——
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Fig. 4-57. Rabbit. T.§ ol the liver.

(vi) Liver changes ammonia into urea by ornithine cycle. my 113
(vii) 1t controls oxidation of sugar. (viii) Various enzymes are synthesized in liver,

{ix) It also stores and synthesizes vitamins.
(x) In embryonic condition it produces blood corpuscles.

[51] RABBIT—T. S. of the Pancreas
Comments :

(1)

(2)

(3)
(4

(=)
(6)

(7)

{8)

nd. T.S. passing through it shows that

Pancreas is a very important digestive gla
tubulo-alveclar racemose

it is composed of various alveoli or acini, Itisa cnmpuund

gland consisting of both exocrine and endocring parts. . A :

The mammalian pancreas can be distinguished from frog in having distinct lobulations,

stroma, connective tissue and islets of Langerhans.

The pancreatic lobes, covered by coclomie epithelium, represent exocrine part.

Each lobule contains bunch of secretory cells and a central lumen connected by looze

conneclive tissuc. : _

The cytoplasm of each lobule is filled with granules and in a haematoxylin-stained

section, outer part is deeply coloured due to concentration of mitochondria,

The granules are regarded as precursor of pancreatic sceretion which are amylopsin,

tripsinogen and lipase,

Amylopsin (amylase) acts on starch and glycogen and chappes them into maltase.

Trypsinogen (trypsin) acts on peploncs and proteoses 10 change them into amino acids

and lipase hydrolyses fats into fatly acids and glycerols.

The endocrine islets of Langerhans, in eosin-haematoxylin-stained sections, appear as

rounded mass of cells with unstained cytoplasm and they contain 3 kinds of cells.

(a}) Alpha cells (c-cells) which secrete a hormone called as glucogon. 1t increases blood
sugar level in the body and its deficiency causes hypoglycemia.
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Fig. 4-28. Rabbir. T.5.of the parcreas.

(b) Beta cells (B-celle) secrete another hormone, insulin, which plays an important fﬂ]:
in carbohvdrate metabolism, [ts deficiency causes diabetes, [t regulates blood
sugar level.

(¢) Some unknown undifferentiated cells.
{(9) Pancreas is richly vascuolarised.

(10) It is also innervated by various nerves with several small parasympuathetic ganglid.

152] RABBIT—T. 5. of the Spleen

Comments :

(1) Spleen is the largest lymphoid endocrine gland.

(2) Itis dark brown in colour and composed of muscular and fibrous coat, trabeculae,
red pulp, white pulp and richly vascularised.

(3) The spleenic coat or capsule is externally covered by visceral peritoneum.

ke T1Im : apsule sends bands or trabeeunlae, which form a network in the substance of the
Eland,

(3)

In .ll‘uE interstices of the framework lies a soft pulpy substance, called as spleen pulp
which may be red or white.

(6) The red pulp forming the bulk gives red colour to spleen.

(7) Pulp contains 3 kinds of cells—(a) phagocytic histacytes, (b) reticulum cells forming
network, and (¢) multinucleated giant cells.
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Fig. 4-59, Rabbit. T.S. of spleen.

The section also contains blood corpuscles, malpighian corpuscles, blood capillaries
and neryes,

Th': reticular and ph ﬂgﬂu&rtic cells I:H:In,ng to cﬂdﬂthﬁ]iﬂl Ej"ﬂt:u.h-

(10) Spleen has following functions—(a) Tt produces antibodies. (b) It stores and synthesizes
IEUEGF?‘IEE: (c) It contains macrophages which destroy old erythrocytes. (d) In embryonic
condition it produces erythrocytes but after birth leucoeytes are produced,

[53] RABBIT—T.S. of the Thyroid Gland
Comments :

(1)
(2)
(3)
(4)
(5)
(6)
{7}

It is the most familiar endocrine gland, consisting of right and left lobes connected
dacross to the ventral side of trachea by isthmus.

Thyroid gland comprises of a framework of connective tissue, enclosing numerous
rounded or oval vesicles,

Histologically it consists of a number of rounded thyroid follicles of various sizes,
separated by one another by connective tissue strands.

Each follicle is lined with a single layer of cuboidal cpithelial cells having many
mitochondria and reticular apparatus of Golgi.,

The cavities of the vesicles are occupicd by a peculiar viscous liquid, called as
thyroid colloid.

The colloid of thyroid contains organically combined iodine in the form of thyroglobulin
having active component called as thyroxin.

Thyroid is richly supplied with the blood vessels.
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(8)

(9)
(10)

[541 RABBIT—T.S. of the Para-

Commentsg *

(1)

(2)

(3)
(4)

Practical Zoology : Verteh

inter follicular
connective tissye

follicle wall

ﬂpf::a.FI
cytoplasm
of cubi
epithelia
celf

colloid

Fig. 4-60. Rabbit. T.S, of thyroid gland. M

Thyroid secretes thyroxin (CiHy,0,Ny.) which contains an aming
per cent of jodine. o
Nerve fibres of sympathetic origin innervate thyroid gland.

Thyroxin control:s entire meta-
bolism. Its deficiency causes
lowered  metabolism. Hyper-
thyroidism results in protrusion
of eye-balls. Removal of thyroid
from the frog tadpole stops
metamorphosis. Thyroid gland
is controlled by thyroid stimulat-
mmg hormone.

th;'r'ﬂ'fd
fellicles

bload
vessel

thyreid Gland parathyroid
I

gland
Two parathyroid glands are

always found embedded in the
substance of the thyroid or found
on each side of the thyroid gland,
Each parathyroid is enclosed
within a capsule, Fig, 4-61. T.S. of parathyroid gland.

Each parathyroid is a glandular organ consisting of columns of epithelial cells.

The gland contains chief cells, colloid or oxyphil cells, separated by the connective
tissue,

A
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(3) Parathyroid produces a hormone called as parathormone, which is devoid of iodine.

(6) Removal of parathyroid causes tetany or death.

(7) Numerous sinusoid blood channels run between the columns.

(8) Its secretion controls calcium and phosphate concentrations in the blood plasma and it
also controls their metabolism in the body.

(9} It also plays an important role in bone and tooth formation.

(10) Parathyroid gland develops as epithelial outgrowth from the third and fourth

branchial clefts of the embryo.

[55] RABEBIT—T.S. of the Adrenal Gland
Comments ;
(1) Adrenal glands lie at the ends of kidneys and are two in number.
(2) T.S. passing through the adrenal gland shows that it is cemposed of outer vertically

striated, yellow coloured cortex and inner soft, highly wascular and dark brown
medulia.

(3) The entire gland is covered by fibrous capsule, which sends septa into the cortex and
divides it into 4 zones.
(4) Zona glomernlosa—This zone is found below the capsule. Tt comprises of columnar
ells. This zone controls the mineral and water balance of the budy and also fat
and carbohydrate absorption. The active hormone is deoxycorticosterone which
is not under pituitary control,

ca2psule

T e | Ly

capsule

zona glomerulosa

..'.:.. !_EI."-
- % zona fasciculata

K
§ zana reticularis

medulla

adiopose tissus

Fig. 4-62. Rabbit. T.5, of adrenal gland.
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(b} Zona fasciculata—This zone consists of compressed cells which secrete |
corticosterone to control carbohydrate metabolism. This hormone also causes
disintegration of lymphocyies and release of their antibodies.

(c) Zona reticularis—Next to medulla, this zone consists of pigmented reticular cells:
This zone secretes sex hormones.

(d) X-zome—Somelimes, as in young mice, there is extra zone betwesn Zond
reticularis and medulla.

(4) Medulla has irregularly disposed cells.
(3) It contains elastic fibres and sinusoids (large blood spaces).
(6) The medulla cells have granular eytoplasm which take dark stain with osmic yapour.

(7) In some medulla cells there are chromoffin bodies or paraganglia,
(8) Stimulation of the sympathetic supply to the gland causes the secretion of adrenaline,
(9) Medulla also secretes another hormone, epinephrin, which causes contraction of smooth
muscles and also hastens conversion of glycogen into glucose.
(10) Cortex has mesodermal origin and medulla neuroectodermal and haye abundant

blood supply.

[56] RABBIT—T.S. of the Lung

Comments :
(1) The lungs are found in a pair of airtight pleural eavities and covered by visceral
pleura containing blood vessels and lymphatic vessels.
(2) The lungs are formed by the ramification of the bronchi and by ther

respiratory
bronchicle

branch of
: pulmonary artery

Fig. 4.63. Rabbit, T.S. of a part of lung.
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(3)

(4)

(5)

(6)

(7)

(9

(10)
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terminal expansions, which form
groups of lobulated or sacculated
alveolar ducts beset with small irre-
gularly hemispherical bulgings called
as plumonary alveoli or air cells.
Histologically, of in a T.S. lung,
bronchi, alveoli, blood vessels, Iym-
phatics and nerves are seen. alveoli
The bronchi are lined by the ciliated
epithelivm resting on a basement
membrane.

respiratory
bronchiale

External to epithelial cells is a layer
of mucous membrane, containing
large number of longitudinal elastic

- ﬂpEn'l.rrg af
fibers and some lymphoid tissue. several alussll
Outside to fibre layer is a muscle Into alveolar duct
layer comprising of incomplete circular Fig. 4-64. Rabbit. T.S, of branchioles.
fibres.

Next to muscle layer is a loose fibrous tissue having bronchi, Icarti]ag:-z plates and
mucous glands. The extremities of the respiratory bronchioles give uplo 10
alveolar ducts, _

The alveoli H]mw; two kinds of cells—(i) groups of small cubical and thick cells, %nd
(ii) extremely thin anucleated cells made up of thin layer. The nrlrfml:r wall consists
of delicate connective tissue of elastic fibres having dust-containing phagocyles or
dust cells, :

Networks of pulmonary artery and pulmonary vein aré EFEI_'l on
accompany bronchi. Nerves from vagus and sympathetic lﬂ“ﬂﬁ’:}tﬂ lung, % :
Lung is a very important respiratory oOrgan, wh_cre Latmn-sphtnc 0, combines with
haemoglobin to form oxyhaemoglobin in blood eapillaries. From the lungs oxyhaemo-
globin is transported to body for cellular respiration. C0O, is also expelled from the

body through the lungs.

the alveoli, Lymphatics

[57] R ABBIT—Sagittal Section of Kidney
Comments :

(1)
(2)
(3}
(4
(3)
(6)

Kidney is metanephric, compact, bean-shaped, retro-peritoneal, compound, tubular
gland, attached to dorsal body wall. : 1 _ j

Sagittal section of the kidney reveals two distinct portions—(i) r:m'fer, and (ii) medulla,
Between these two zones is undefined boundary zone characterized by large blood
veesels,

The medujla is subdivided into the conical portions called as pyramids. ‘
The cortex and medulla are entirely composed of uriniferous tubules, which have

straight direction in the medulla and contorted arrangement in the cortex.

The groups of straight tubules pass from the medulla through the thickness ofthe
cortex forming medullary rays.

Between medullary rays are the deep cortical downgrowths, called as columns
of Bertini.
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(7)

(E)

(9)

(10)

The uriniferous tubules begin in the
cortical part of the organ in dilatations
as Bowman’s capsule, which encloses
convoluted toft of blood capillaries,
called as plomerulus,

The capsule 15 lined by flattened
epithelium. The glomerulus is formed
by branches of afferent and efferent
vessels, The tabuole leaves the capsule
by meek and it forms proximal con-
voluted, ascending limb, descending
limb and loop of Henle.

The renal artery, renal vein, and
ureter egter at the hilom, Branches of
the ureter form major and minor
calyces.

Kidney is the most important excretory
organ, It filters from the blood water,
urea, uric acid and phosphates.

medullary

aof bertini P

Fig. 4-65. Rabbit, .. 5. of kidney+

[58] RABBIT—T. S. of the Testis

Comments : b
ous
(1) There is a pair of smooth, oval-shaped testes, enclosed in a thin but tough 2 dt;il;uni
envelope, called as tunica albuginea, which is externally covered by serous €pl y
Testes are found in scrotal sacs. jonal
(2) Histologically each testis is internally divided into a number of lobules with AREe
internal communications and separated by connective tissue. “ferons
(3) The glandular substance of the testicle is wholly made up of convoluted semif!
tnbules,
(4) The interseminiferous tubular tissue is saminiferous tunica albuguinee
formed by connective tissue, which holds the tibades
tubules together and contains blood vessels. inlﬂnubu!& - ,_}’1 ‘f
. . connachive
(3) Between connective tissue are rounded tissue LY Lo ﬁ 'f!ﬁ
interstitial cells which produce a JIGI'EL'I'EIIIE i N e a
called as testosterone. The testosterone is L % L h#-‘ h 3
tesponsible for the development of male =t '-_:4 e
secondary sexual characters, { ? HL:!'# 3 ‘ f
nutritive cells of sertoli. i :a
Blaod
(7) The seminiferous tubules appear rounded """-"51’“5 Ll
or ovil in section, Each tubule is SLr= e -
round .
T Ed by E: t'::un basement membrane . Fig, 466, Rabbit. T. S. of tcstis
ooy h!u" germinal epithelium, (low magnification).
(8) From basement membrane to inwards there are several kinds of cells

(i) Spermatogonia lie along the petiphery of

the tubule and appear closel acked
et ppe ¥ P
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(2)
{10)

connective tissue interstial cell

Spermatagonia

spe rmntncyte :

spermatids

spermatozog

Fig. 4-67. Rabbit. T. 5. of testis (magnificd).

(1) Primary spermatocytes—They have the largest cells and large auclei.
(iii) Secondary spermatocytes—Smaller cells with deeply stained nuclei.
(iv) Spermatids—Small clusters of cells with condensed nuclei.

(v} Spermatozoa or sperms lie in the cavity of the tubule.

Sperm has head and tail,

The nucleus of the sperm lies in the head which is pointed at the acrosome.

[53] RABBIT—T. S. of the Ovary

Comments -

(1)

(2)

(3)
()

(3)
(6)
(7)
(8)

Ovary is a solid structure lying at the back of the peritoneal cavity. Itis covered by
peritonenm consisting of cubical cells, forming germinal epithelium. '“1F ovary: s
attached at the hilus by mesovarium with the mterns. The germinal epithelium is
bounded by connective tissue, called as tunica alboginea. .

The hilus is characterised by having helicine arteries. Several primary oocytes are scen
beneath germinal epithelium. Mature follicle is called as Grnﬂlinn il'ullutIE. All the
structures lie in ovarian stroma which is made up of connective tissue, fibroblasts,
collagen, reticular fibres, nerves, blood vessels and lymphatics.

T. 8. passing through ovary or Graffian follicle shows following impurtan} s}:ructures.
Each Graffian follicle is made up of a wall, called as theca folliculi consisting of ovom
and epithelium, P
In the smallest follicle ovuom is single layered; in larger ones it has 2 layers, while in
still larger ones the 2 layers are formed by several strata of cells.

The cells lining the cavity of the follicle are termed membrana eranulesa, while the
mass of cells surrounding immediately ovom are called cumulus or discus prodigerous.
The fully mature oocyte is surrounded by the thick transparent membrane, called ag
zona pellucida, which is covered by another layer corona radiale,

Zona pellucida contains yolk and fat droplets.
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cumulus antrum stroma
oophorus
ar garm hill

growing follicla

follicular

theca externa cell

theca interna

stratum
granulesum

corona
radiata

Tona
nucleus Pellucida

of ovyum

antrum
beginning
to form

ovarian capsule theca of growing fellicle
Fig. 4-68. Rabbit. T. S, of the ovary,

(9) After the extrusion of ova, a vyellowish mass is left, called as corpus lutenm, which
produces a hormone progesteron, It facilitates the implantation of the fertilized ovum

in the uterus and it also inhibits ovulation during pregnancy.

(10) Regression of corpus luteum leads to the formation of corpus albicans. The column
of luteal cells shows degenerative chanpes with the appearance of fat globules and

collagen fibres,

: Vertebrale

g _ R R B e i il
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A,

[1] FROG—Structure of Ovum

Comments :

(1)
vitelline membrane.

(2)

The ovum or egg is rounded in shape and covered by albu

DEVELOPMENT OF FROG

men layer, chorion and

Vitelline membrane swells up on the exposure to water. The interspaces coudIm

minute plants, which give oxygen by their manufacture of food to the embryd.

(3)
(4)

forming a superficial pigmented layer.

plgmented
layer

'-'EE-EIH].F E’ Ie

Fig. 5-1. Frop. Siructure of ovum,

[2] FROG—V. S. through Blastula
Comments

(1)
(2)
(3)

dark pigments.
(4}

laden with volk.

The cytoplasm of the egg contains yolk and nucleus.
Blackish brown pigment granules of melanin assemble at

future animal hemisphere

Micromerss

nucleus

poscerlar
.- \'E,El:ta.l pnt!

Mefameres

vencral

Fig. 5-2. Frog, V. S. through Blastula,

After the Clcﬂ\iﬂgg of lertilized ERE results the blastula at Ejﬂht'{m]]ﬂd slage.
The blastula contains a blastocoel cavity surrounded by blastomeres.
The smaller blastomeres are called as micromeres, found in upper half and contain

The larger blastomeres are called as macromeres, found in more than lower half and
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3] FROG—V. S. through Gastrula

Comments

(1) The future prospective organ forming cells are organized at their proper places &t
gastrula stage,

(2) Gastrulation occurs by epiboly, blasto- e
pore involution and invagination. Tl
During this process mesodermal and . blastopore
notochordal cells migrate inside,
forming roof of archenteron,

(3) V.S. shows that gastrula is com-
posed of three layers—outer layer is
of ectoderm cells, inner laver is of
endoderm ceclls, forming lining of
archentercn, and mesoderm separates
on either side of notochord.

{4) Other structures seen in section are
dorsal lip of blastopore, yolk plug,
ventral lip of blastopore, chorda cells Fig. 5-3. Frog. V. 5. through Gastrule,
and neural plate. The blastocoel is
reduced due to the development of
archenteron.

{5) Gastrula has three germinal layers,
namely, ectoderm, endoderm and
mesoderm, from which various organs
are derived.

posternr
mezoderm

archenteran blastocszl

wvencral

mouth

olfactary pit

rudiment

of eye sucker

external giils

[4] FROG—Tadpole larva whole mount body
Comments :
(1) Egg hatches into tadpole larva within
48 hours, tail

(2) It is whitish with dark pigment
granules and 5-6'5 mm. long. Larva
is differentiated into body and tail
with tail fin,

(3) Larva contains rudiments of eyes,

olfactory pit, gill clefts, stomodaeum,
cloaca and myotomes,

(4) Mouth contains horny jaws or teeth

and larva feeds on  vegetation.
Intestine is coiled.

(3) Tadpole larva metamorphoses into

adult, Fig. 5-4. Frog.
Tadpole larva whole mount.

gail 1In

[5] FROG—T. S. of Tadpole through Eyes
Commenis 3

(1) Eyes are most conspicuous and protuberant structures and they begin to develop Yery
early. Eyes develop from optic vesicles, which originate from a pair of diverticulae
given from thalamencephalon on each side.
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Fig. 5-5, Frog: T-5 98 tadngia iheoiab pyes.
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(2) The section shows a pair of Jarge 8¥85 ©0 the sides of forebrain, Each exe is composed

of eye muscles, lens and sensory Jayer of Teling

(3) Other structures seen in section 8¢ J3%W MUscles farpe pharynx, palato-quadrate bar,

Meckel's cartilage, epidermis, hyoid 271 Connective tissue and epidermis.

6] FROG—T. S. through Ears of Early Tadpole
Comments -

(1) Ears develop as a pair of auditory pits from tjq epiblast on the sides of hind brain.
(2) The auditory pits become vesicle like and enclose the middle ear. The semiciccular

canals develop as outgrowths from the wall of auditory vesicles.

(3) The auditory vesicles develop at early tadpole seate and found on dorsal side of the
seclion, Between two auditory capsules the medulla oblongata is situated, enclosing

IV ventricle. Beneath medulla oblongata the notochord is present.

(4) The lower portion of the section contains large pharynx, laryneeal chamber, branchial

arches and pericardium, enclosing developing auricle and ventricle.

riatechard

edula
o ,n.nEE |

fourth ventricle
auditary

laryngeal
wasicle

chamber
ninth nerve

branchial
chamber

firse
. . branchial
nprdgr'rm ix arch
operoulum
third
s.e:nr] d branchial arch
branchizl areh

fourth branchial
arech

auricle ventricle pericardial pericardium
E'U'lt}'

Fig. S5«6. Frop, T. 5. through ears of early tadpole.
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B. DEVELOPMENT OF CHICK

[7] CHICK-EMBRYO—W. M. 4 hours cephalic
of Incubation T
Comments pr e 4 -_._}far:a opata
(1) Four hours of incubation of the egg ; ,- gt R =
shows differentiation of the blastodisk v el Eh
into area pellucida and area opaca on s A L L 23 E.
(2) Omne quadrant of area pellucida B T oellueit
becomes thickened, which marks the L AR N e
future caudal end of embryo. i b e w, P EA ;
(3) After 7 to 8 hours, the thickening T 2k ._.;:1' i
hecomes more elongated and repre- A :hi:&:gfld
sente start of primitive streak (Fig. 5-7). : i b ;md i
[8] CHICK-EMBRYO—W.M. 16 hours G A A
Comments : caudal
(1) By 16 hours of incubation the primitive Fig, 57, Chick-embryo, 4 hours of <ncubation
streak becomes so  distinet  that (whole mount).

embryos are characterized as being in
primitive streak stage.

(2) Infixed and stained slide, w.m. is
composed of central furrow, called as
primitive groove lined by thickened
primitive ridges. e R e L G e R ,

(3) At the cephalic end of the primitive ot i e ot ik
streak, closely-packed cells form ¥ A S
thickened area, called as Hensen's
node. Part of arca pellucida adjacent
to the primitive streak shows increased
thickness and forms embryonic area
or embryonic shield.

(4) Area pellucida assumes elliptical
shape.

(5) Elongated primitive streak represents
long axis of future embryonic body,

(6) Caudal end of the streak is that which ““E’M
lies ¢lose to the area opaca,

cephalic end
————

primitive pit

primisive groove
i

P rimitive ridge |

Fig. 5-8. Chick-embrya. 16 hours of incubation,

[8] CHICK-EMBRYO—L.5. of 17 hours Embryo
Comments :

(1) L. 5. through 17 hours represents the stage shortly after primitive streak Formation and
it also marks the beginning of morphogenetic movement of cells 10 form notochord. .

(2) The section shows ectoderm, Hensen's node, primitive pit, primitive groove, notochord
and primitive gut,

(3) The mesoderm extends on either side between ectoderm and endoderm.
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F o Zid
hensen’s node primitive pit
ectodarm ectoderm
primitive groove mesoderm
SRLEL LT :!-:_r.‘| _I,::{,,;.rr WELEE!# " A
ﬂ_ - ppfpn=="r1
notechord b r' E‘
n- AT T
T ﬂ%‘%ﬂ:q ﬂ?
m“ﬂ-’ q |. .n.qi.-!-l:m.q.,._ e
pr |m|tl'.'e BUL tndnderm
Fig. 5.9, Chick-embryo. L. 5. of 17 hours of incubation.
[10] CHICK-EMBRYO—W. M. 18 hours
Comments :
(1) After 18 hours of incubation
the notochord has become cephalic end
markedly elongated, forming
4 prominent structure,
(2) The notochord extends to- ——— proamnicn
wards cephalic region in border of
. i ¢ mesoderm
the mid-line from Hensen's
4 natachord
node, neural
(3) 18 hours incubated embryo plate :
: AL, i ensan s
15 spoken of as being in the embryonal node
head process stage. area
(4) At the tip of the notochord primithe
neural plate develops. AEe opaca chihcl
(3) In front of notochord and area
neural plate there is a space pellucida
called as pro-amnion.
(6) The embryonic ared, area
pellucida and area opaca caudal end
become i
: ‘mlf.!I:E prominent, Fig. 5-10. Chick-embryo.
(7) The primitive streak gra- Whaole mount of 18 hours of incubation.

dually decreases in size,

[11] CHICK-EMBRYO—L. 5. of 18 hours Embryo

Comments -

(1) The L. 3. through 18 hours incubated embryo shows advanced inper struciure about

the germ layers.

(2)
(3)

Section A shows yolk,

The ectoderm is vertically hatched, the cells of mesoderm are Tepresented hy heavy
angular dots and endoderm is represented by stippling backed by a single line.

ectoderm of neoral plale, notochord, mescderm, ectoderm
and endoderm of blastoderm.

Section B shows yolk, endoderm, primitive pit,

primitive ridge, mesoderm and primitive gut.
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ectoderm of neural plate fesoderm ectoderm of blastomere

:I y olk notochord
b i

primitive pit \\ arca pellucida

—

primitive
ridge

yolk ectaderm mesoderm primitive gut endoderm

Fig. 511, Chick-embryo. A,B—L. 5. of 18 hours of incubation.

[12] CHICK-EMBRYO—W. M. 24 hours
Comments :

(1) At 24 hours of incubation the folding of the neural plate is much more clearly mﬂfkf‘!*
In stained and transparent preparation of entire embryo neural folds appear as a pair
of dark bands.

(2) The neural folds at eephalic end are more prominent than at caudal end.

(3) Foregut is also established at this stage. The gut caudal to foregut is called as

midgut and the opening from midgut into foregut, namely anterior intestinal portal,
also appears.

area opaca vitellina
proamnion ectoderm of head

mesenchyme border of foregut

sub-cephalic

neural fold pocket

neural groove

margin of
anterior
aotochord intestinal
HsoF portal
somites ===,

area peliucida

hensen’s node unsegmenced
mesoderm

Border of

mesoderm primitive streak.,

blocd island

area vasculosa
Fig. 5-12. Chick-embryo. Whaole mount of 24 hours of incubation.
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(4) In the middle, four pairs of somites are seen. The Hensen's node is pushed candally
and primitive streak is further reduced.

{5) The structures seen in the above sections are area opaca, vitelline, cctoderm of head,
area pellucida, mesoderm, blood island, area vasculosa, notochord, mesenchyme and
pre-amnion.

[13] CHICK-EMEBERYO—T. S. of 24 hours Embryo

Commenis :

A—T. 5. through head :
(1) T.S. passing through head region shows neural plate folded to form a complete tube.
(2] Beneath neural fold is notochord.
(3) Other structures seen in section are mesenchyme, foregut, ectoderm of head, mesoderm
and endoderm,
B—T. 5. through mid-body :

(4) T. S. through mid-body shows formation of somites and changes in mesoderm.

(5) The mesoderm is differentiated into dorsal mesoderm, intermediate mesoderm and
lateral mesoderm.

(6) Dorsal mesoderm forms somites, the lateral mesoderm differentiates into somatic and
splanchnic layers and intermediate mesoderm forms nephrotomic plate.

{7) Other structures seen are ectoderm, endoderm, lateral margin of anterior intestinal
portal, midgut and pericardial region of coelom,

neural groove neural fold

mesenchyme

------ mesoderm
A
w T
.-9-'-" o k m’fn-—-'"' yolk
ectoderm of Eorupyt notochord endoderm of
blastaderm & blastoderm
neural fold  neural groove ectaderm
somatic mesederm
""""" pericardial coelam
B e

Lo

wll’ rm
lateral margin of anterior splanchnic mesode
Intestinal porcal endoderm

Fig. 5-13, Chick-embryo. A, B—T. 5. of 24 hours of incubation.

[14] CHICK-EMBRYO—W. M. 28 hours
Comments ;

(1) The entire cmbryo of 28 hours of incubation shows marked advances in the
development of cephalic region.

(2) The neural folds completely fuse forming neural tube, which becomes completely
separated from superficial ectoderm.

(3) Head projects free from blastoderm,
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Fig 5-14. Chick-embryo. Whole mount of 28 hours of incubation.

(4) Three primary brain vesicles, namely prosencephalon (forebrain),
(mid-brain) and rhombencephalen (hind brain) are differentiated.

(5) Eight pairs of somites develop. (6) Anterior neuropore st1ll remains open.

: Vertebrate

mesencephalon

(7) The Hensen's node still pushed back and primitive streak becomes much smaller.
(8) Other structures seen in section are anterior intestinal portal, extra-embryonic vascular

plexus, blood island, omphalomesenteric vein and sub-cephalic pocket.

[15] CHICK-EMBRYO—T. S. of 28 hours Embryo
Comments :

(1) T. 8. through 28 hours of incubation shows formation of heart from mesoderm,

neurzl cube noctachard

ectoderm foregut

somatic
mesaderm 477

fomatopleyre,
dorsal mesocardium

---------
Amgdant T

T T T

Eptmyocardigm
cardiac Jelly

pericardial coelom

. endoderm

splanchnic {splanchnopleurs

endocardial primerdium esoderm

ventral mesocardium
Fig. 3-15. Chicksembryo. T.5. of 28 hours of incubation.
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(2) Epi-myocardium and endocardial primordivin are clearly seen.
(3) The section also shows closed neural canal, notochord, line of fusion of margins of
anterior intestinal portal, somatopleure, splanchnopleure and pericardial coelom.

[16] CHICK-EMBRYO—W. M. 33 hours
Comments :

(1) Thirty-three hours incubated embryo shows some of the fundamental steps in the
formation of central nervous system and circulatory system.

(2) Various neuromeric enlargements form brain region.

(3) The optic vesicles are established as paired lateral outgrowths of the prosencephalon,

(4) Infundibulum is formed as a sort of depression in the floor of the prosencephalon.

(3) Twelve pairs of somites are formed,

(6) Mid-region of the heart is considerably dilated and bent to the right (Fig. 3-16)-

prosancephalon proamnian dncarior neuropore
optlc vesicle

mesencephalon

s o Y hioart
e, .T'"’ "

border of

foregut

omp halo=
miEseniaric
vain

rhomben-
cephalan
notochord
:-1. .-.. e i
lateral .--"i._:, Rk TR R ;
mescderm 2 e "
SOMmites

sinus rhomboidalis

sinus terminalis
Fig. 5-16, Chick-embryn. Whale mount of 33 hours of incubation.

[17] CHICK-EMBRYO—T.5. of 33 hours Embryo
Comments :

(1) This section shows ectoderm, prosocoel, opticoel, mesenchyme, somatic mesoderm,
splanchnic mesoderm and endoderm
(2) It shows mid-structure namely, mesocoel, anterior cardinal vein, dorsal aortic root,

somatopleure, extra-embryonic coelom, splanchnopleure, foregut, notochord and
ventral aortic root.
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T. 5. of 33 hours of incubation.

[18] CHICK-EMBRYO—W. M. 43 hours

Comments :

(1)

43 hours incubated embryo shows cranial flexure and torsion.

The cephalic region of

embryo is twisted in such a way that left side comes to lie next to the yolk and right

side away from yolk.

(2) The heart becomes chambered.
Truncus arteriosus also develops.

regions.

Itis differentiated into ventricular, arterial and sinp§

{3) Auditory pit also makes its appearance.
(4) Vitelline vessels communicate with omphalomesenteric vein.

mesencephalan

metencephalon

myslencephalon

auditory pit.

sinus reglon

somices

lateral

mesoderm — .

lateral
bady fold

Imsegmeant=d
'I:F rsal
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Fig. 5-18. Chick-embryo.
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(5) Number of somites increases to 19. (6) Lateral body folds also develop.
(7) At 43 hours of incubation embryo develops rudiments of most of the organs.

[19] CHICK-EMERYO—W. M. 72 hours.

Commenis :

(1) After 72 hours of incubation, body is affected throughout by torsion and entire body is
turned through 90°.

(2) Mid-body becomes concave, (3} Visceral arches develop.

(4) Mandibular arch forms caudal boundary of oral depression.

(5) WNasal pits appear as shallow depressions.

(6] Appendage rudiments also make their appearance, (7) Eye develops lens.
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ganglion I
mandibular arch
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e ganglion ¥
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epiphysis
anterior diencephalon
appendage

LGl aolfactory pit

telencephalon
ventricle

vitelline vein

posterior

appendage P e
bud VMg
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Fig. 5-19. Chick-embryo. Whole mount of 72 heurs of incubation.



Chapter 6

Comparative Osteology
(Study of Bones)

Although the term skelefon denotes the bones inside the body for a layman, yet for
students of science we refer the internal framework as endoskeleron, which is derived from
dermis. The endoskeleton is an important system inside the body. On the basis of endo-
skeleton, two distinct divisions in the Fauna have been made—one Chordata and the other
Non-Chordata, with and without internal framework.

DIVISION OF ENDOSKELETON

Broadly the endoskeletal system is differentiated into :

(a) Axial skeleton—Consisting of 1 skull. 2. vertebral column, 3. ribs and 4. sternum.

(b) Appendicular skeleton— Consisting of 1. Girdles, and 2. limb bones, -

The skeletal system may be studied in a comparative manner. The variation in
structure and disposition of skeleton in different classes of vertebrates is 5o ?viﬂn that
individual study always brings about confusion. In order to remove this confusion, study
of comparative osteology has been taken up. The four lypical animals, namely frog
(Amphibia), Varanus (Reptilia), fowl {Aves) and rabbit (Mammalia) have been used. For
convenience, the following arrangement has been followed

(a) Skull (dorsal, ventral and lateral views) and skull bones. (b) Vertebral column—

different vertebrae., (c) Girdles—pectoral and pelvic. (d) Limb bones.

OSTEOLOGICAL TERMS

The following terms frequently come in the study of osteology :

(1) Endoskeleton—Internal framework of bones derived from dermis.

(2) Axial skeleton—Fndoskeleton found along the axis of the body.

(3) Appendicular skeleton—Endoskeleton appended or added to axial skeleton and
chiefly meant for limbs and girdles. 1

(4) Vertebral column—The original notochord in all vertebrates is broken into
different units, called vertebrae, which are segmentally arranged.

(5) Centrum, neural spine, neural arch and neural canal—Structures found in vertebral
colomn around spinal cord.

(6) Pre-zygapophyses—Articular processes by which vertebrae articulate with each
other. Pre-zygapophyses arc a pair of processes on the anterior face of vertebra.

(7) Post-zygapophyses—A pair of processes present on the posterior face of vertebra,

(8) Transverse processes—These are processes arising from the body of a vertebra or
its neural arch, These are of the following types—
(a) Diapophyses—Transverse processes arising from the base of neural arch,
(b) Parapophyses—Transverse processes arising from the centrum.
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(2)
(10}

(11)
(12)
(13)
(14)
(15)
(16)
(17)

(18)

(19)
(20)
(21}
(22}
(23)
(24)

(25)

(26)
(27)

(28)

(29)

(c) Basapophyses—Transverse processes arising from the ventro-lateral sides of
centrum.

{d} Pleurapophyses—Transverse processes arising from the middle of arch.

(e) Hypapophyses—These are processes arising from the median ventral position
of centrum.

(f) Metapophyses—These are the t(wo outgrowths arising just above pre-
zygapophyses.

(2) Anapophyses—These are slender transverse processes arising from just below
the post-zvgapophyses.

(h) Zygospheres—A pair of wedge-shaped processes present anteriorly on
neural arch.

Acetabulum—A cup-shaped cavity in pelvic girdle,

Acrocoracoid—TFound in birds, are additional processes present dorsally on the

coracoid,

Acromian—Found in mammals, a vertical process of scapular spine.

Synovial eavity—Cavity between two articulating bones or cartilages.

Articular disc—A pad of fibro-cartilage separating two articulating bones.

Joints—Gap between two articulating bones or cartilages.

Immovable joints—Joints between skull bones of fibrous nature.

Movable joints—Ball and socket joints. . ]

Condyle—A ball-like swelling at the end of a bone for articulation.

Deltoid ridge—A triangular and flattened outgrowth at the head of humerns for

muscle attachment.,

Asterospondylous—The caleified area, star-like in centra,

Cyclospondylous—The calcified area, centrally placed in centra. :

Tectospondylons—The central caleified area alternates with fibrous material.

Procoelus—Centrum concave in front and convex behind.

Opisthococlus—Centrum convex in front and concave behind. !

Chondrocranium—Comprises of cartilaginous craniom (brain box) and cartilages

of scnse capsules. TONE '

Splanchnoeranium—Series of cartilaginous arches supporiing visceral clefts forming

jaw skeleton.

Dermocraninum— Dermal bones of skull, ‘ .

Amphistylic—Double suspension. Upper jaw iz directly attached to ml.ﬁ Tegion of

cranfum and the hyomandibular cartilage is movably attached _tﬂ the otic region.

Autodiastylic—It was found in extinct fishes in which upper jaw was attached to

cranium by lipaments, ;

Autostylic— Upper jaw fused with cranium. It is of the full?wmg types—

(a) Holostylic—Upper jaw fused with cranium and hyoid arch free from
cranium-—e.g., in Holocephali.

(b) Autosystylic—Lower jaw articulates with quadrate part of upper jaw. Hyoid
arch and hyomandibular do not take part in suspensorium—e.g.. in Lung-
fishes.

(c) Methystylic—The symplectic bone derived from hyomandibular is attached
to quadrate bone.
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(d) Craniostylic—Lower jaw directly articulates with a membrane bone, the
squamosal of osteocranium. The guadrate forms incus and articular mallens:
ol ear ossicle—ec.g.. mammals,

(30) Hyostylic—Upper jaw suspended by ligament to cranium and hyomandibularis
movably articulated to otic region of craniom.

While comparing special features of skulls of Amphibia, reptiles, birds and mammals

the skulls of Amphibia and mammals are compared together being dicondylie, while those
of reptiles and birds are put together being monocondylic.

COMPARISON OF SKULLS OF FROG AND RAEBIT

Skull of Frog | Skull of Rabbii

1. Skull is triangular in shape, broad and l. Skull has narrow anterior end and
dorso-ventrally flattened. broad posterior end. No dorso-ventral

flattening.

2, The tadpole chondrocranivm persists 2. The original chondrocranium is com-
in adult to a grealer extent. Sense pletely replaced by ossified bopes in
capsules and cranium are largely made adult. The cranium and sense capsules
up of cartilage, are made up of bones.

3. Cranium is smaller due to small size of 3. The cranial part is smaller but facial
brain and dorsally-placed orbits. part is eclongated. The orbits &

laterally placed.

4. Dicondylic—two accipital condyles. 4, Dicondylic—two occipital condyles.

5. Platybasic-skull — The inter-orbital 5. Tropibasic—the inter-orbital septum is
septum 15 absent and so the cranium present and so the brain box does nol
extends bevond orhits. extend into orbits.

6. Sphenethmoid constitutes posterior wall 6. Pre-frontal, post-frontal, parasphenocid,
of olfactory chambers. Basi- ali- orbito- guadrato-jugal absent, while pterygoids
and pre-sphenoids, and supra- and are much reduced.

basi-occipitals are absent.
7. The floor of brain box is formed by 7. The floor of brain box is formed by

parasphenoid and roof by fronto- basi-sphenoid and pre-sphenoid while
parietals. roof by parietals and frontal.
8. Vomers and vomerine teeth present. %. Vomers and vomerine teeth are absent,

The pre-maxillae bear thecodont and
diphyodont teeth and dentaries contain
. heterodont teeth.
9. Occipital region made up of ex-occipitals, 9. Occipital region made up of 2 exoccipi-
tals, basi-occipital and supra-occipital,
10.  Tympanic bulla is absent. Tympanic 10. Tympanic bone forms tympanic bulla,

is ring-like.
I1. Jaw suspensorium s autostylic, 1In 11, Jaw suspensorium is craniostylic—the
which lower jaw is attached to skull mandible articulates with squamosal of

through rod-like cartilaginous quadrate, craninm,
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COMPARISON OF SKULLS OF VARANUS AND FOWL

Skull of Varanos

Skull of Fowl

l. The chondrocranium is well ossified. 1. The skull is compact and devoid of
The skull is complicated and possesses teeth. It is very light due 1o the spongy
several replacing and investing bones. bones and presence of air cavities. The
The skull has considerable weight. Jightness is in accordance with flying

habit.

2. Beak absent. Jaw bones possess teeth, 3. Distiner feature of skull is the presence

of a long-pointed beak without teeth,

3. Skull bones are several, unpolished and 3. Skull bones are very compact, closely
with disrinet sutures. fused, polished and with oblirerared

SUIMFES.

4. Cranium is small. 4. The cranium is greatly cnlarged to

accommodate the large brain.

5. Monccondylic skull—single occipital 5. Monuvcondylic—Single occiputal condyle
condvle on the basi-occipital, which articulates with atlas in sur::n a way that
articulates with atlas vertebra, skull can move frecly Efﬂﬂ‘l’?ﬁl?: :

6. Skull tropibasic—the vertical inter- 6. Skull tropibasic—the definite m-m;
orbital septum separates comparatively orbital septum separafes large-size
smaller orbits. orbits. . i ! A

7. Pre-frontal, supra-orbital, post-orbital, 7. The supra-occipital joins “'11']1 HALS:
parasphenoid, lacrymal and transverse and fmmiﬂg‘ﬂl large F""‘}“J-_mﬂiﬁ'L ridge
bones present. The parietuls fuse together known as occipital or lamboidal ridge.
forming a single bone and perforated
by parictal foramen. : AR e, /

8. Tympanic cavity is small containing a 8. Tympanic cavity is large, hirl'l'llbphﬂﬂ{:al
single ear ossicle, the columella, and having a single columel u.. .

9, Teeth are polyphyvodont, homodont, 9, Teeth absent. The palate 15 Eﬂi?llﬂ-
pleurodont and found on pre-maxillae, gnathous formed by vomers, pﬂ?utmes,
maxillae and dentaries. ptervgoids and palatal prolongations of

maxillae.

10. Suspensorinm autostylic, 10. Suspensorium autostylic.

DISARTICULATED SKULL BONES OF FROG

The disarticulated skull comprises of occipital region, fronto-parietals, sphenethmeoid,

parasphenoid, columella, nasals, septo-maxillaries, vomers, pre-maxilla, maxilla, quadrato-
jugal, quadrate, palating;, squamosal, pterygoid, Mento-Meckelian, angule-splenial and
dentary.

Occipital region—(a) It is the posteriormost part of the skull and is formed by fronto-
parictals on dorsal side, parasphenoid on ventral side and a pair of cartilaginous
ex-occipitals, which enclose a large opening called foramen magnum. (b) The spinal
cord passes through the foramen magnum. (c) Each ex-occipital contains a condyle,
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absent. (e) Externally each ex-occipital is fosed with cartilaginous auditory capsule,
which is perforated by a minute opening, called as femestra ovalis. {F) Anteriorly, each
tuditory capsule is formed by a cartilaginous bone, called as pro-otic.

2. Fronto-parietals—(a) These form a pair of long and broad membranous bones, which
are united in mid-dorsal line and cover entire brain box, (b) In embryonic condition,
frontal and parictal are separate but in adult they are completely fused. (c) They extend
up to sphenethmoid anteriorly and up to ex-occipitals posteriorly.

3, Sphenelhmnid—[:a] It is a hollow tubular bone, surrounding anterior end of the eranial
cavity and can be seen only on sides. (b) 1t is demarcated into anterior ethmoidal
region and posterior sphenoidal region by a transverse partition. The ethmoidal region
is further divided into right and left regions by a longitudinal division and each region
encloses an olfactory sac. The sphenoidal region contains forebrain. (c) Major part
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which articulates with a facet on atlas vertebra, (d) Supra-occipital and hasi-occipital
t of the bone is concealed dorsally by 2 nasals and fronto-parietals and ventrally by

parasphenoid, " :
4. Parasphenoid—(a) Purasphenoid is like a dagger in the form of inverted “T* covering
! entire floor of cranium. (b) The upper blade-like part extends up to the sphenethmoid,

. while side portion or handle extends up to auditory capsules.

3. Columella—(a) The tympanic cavity has a rod-like middle ear bone called mi'"!lﬂf?a AU,
the outer end of which is attached to the tympanic membrane and inner ::,nd - :nsfartc&
on the outer wall of auditory capsule, (b) Columella conducts sound vibrations up to inner
ear located in the head. .

6. Masals—(a) These form a pair of large triangular, flattened and 1?gmh.rannu5 hﬂ‘:ﬂ."-'fhllﬂh
serve as roof of olfactory capsules. (b) Masals are united in median line. {c) nterm.r Vs
they extend up to pre-maxillae and posteriorly, they meet with fronto-pafietals and lcave a

diamond-shaped area before meeting. . - .

7. Septo-maxillary —(a) It is an irregularly-shaped small bong, associated anteriorly with
nasal. It is composed of a basal plate and two unequal processes,

8. Vomers—(a) They are membranous bones covering the fioor githe olisstpry: pesies:
(b} Each vemer is triangular in shape, lining the posterior nostrils and containing 6-7
minute vomerine teeth nlong postero-lateral margin. ; : .

9. Pre-maxilla—(a) Tt is found in upper jaw atthe tip of snout and it SEHCLIANES j IR
maxilla on each side. (b) It is asmall irregular bone, having a fcu._-' cosicy’ pie-migiliary
teeth along anterior lower margin, and dorsally o backwardly discolet, Process, partly

lorms inner houndary of external nostril, . 4 :

10. Maxilla—(a) Tt constitutes major part of upper jaw. (b) It is & thin, “1‘:'“5“7:'“-‘11 5]‘E-hl'-!'_'f
curved boene joined behind by quadrato-jugal. (c) It also articulates partly with palatine
and ptervgoid. (d) Maxilla is provided with several backwardly-directed, conical and
pointed teeth,

11. Qum]m-tﬂ.jugul_m} It is easily recopnized by being mmmawshapt:d and 15 found behind
maxilla, forming posterior outer region of vpper jaw. b) Its posterior region is
broadened and articulates with quadrate cartilage.

12, Quadrate—(a) It iz a rod-shaped suspension cartilage, which connects mandible with
skull,  (b) Internally it is fused with auditory capsule and posteniorly attached to hind
end of guadrato-jugal. (c) 1t is completely concealed under plerygoid and squamosal,

13. Palatine—(a) It lines the antero-ventral side of each orbit. (b) It is a long, delicate,
transverse and rod-shaped bone, connecting anterior cranivm with middle maxilla,
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14. Sguamosal—(a) It attaches with the posterior end of crapium on dorso-lateral side above

pierveoid and it also forms postero-dorsal margin of its orbit. (b) It is a hammer-shaped
or T-shaped bone, having a free anterior mb and two short limbs, which are attached to

anditory capsule and pro-otic.

15. Pterygoid—(a) It is a Y-shaped and three-rayed bone attached laterally to the posterior

end of cranium. It also forms postero-ventral margin of orbit. (b} The anterior ray
joins with outer end of palatine and maxilla, while posterior ray joins with quadrato=

jugal and quadrate and inner ray articulates with parasphenoid and auditory capsule.

DISARTICULATED SKULL BONES OF RABBIT

The disarticulated skull benes of Rabbit include oceipital region, squamosal, parietal,

interparicial, basisphencid and alisphenoids, pre-sphenoid and orbitosphenoids, frontal,
nasal, vomer, turbinals, peri-otic and tympanic bulla. The jaw bones are pre-maxilla, maxilla,

jugal, pterygoid, palatine and dentary.

1.

. occipital, ex-occipital and basi-oceipital cartilaginous bones. {b)

Occipital region—(a) Tt encloses a large foramen magnum and is made uwp of supra-

The supra-occipital
forms @ squarish bulging and gives a pair of processes for muscle attachment and
articulates with interparictal, parietals, squamosal and peri-otics. {¢) The ex-occipitals
bear occipital condyles and also give downwardly-directed para-occipital processes.
{d) The basi-occipital forms the floor and it articulates with basisphenoid in front and

with peri-otics laterally. .
Squamosal—(a) It is a more or less rectangular membrane bone found ventral to parietal.

(b) It gives a backward process called post-tympanic process over peri-otic and external
auditory meatus, (c) The outer surface contains zygomatic process and undersurface
contains a mandibular facet for articulation with condyle of lower jaw.

Parictal—{a) It forms major part of posterior cranial roof. (b) Parietals are demarcated
from alisphenoids by squamosals and they remain united mid-dorsally by a distinct
suture. (c) Posteriorly each parietal gives a ventral process.

Inter-parietal—It is a triangular membrane bone between parietals and supra-occipital.
Basisphenoid and alisphenoids—(a) Both constitute 8 compound bone. (b) Basisphenoid
15 a flattened, triangular and median cartilaginous bone articulating with basi-occipital.
It also containg a depression meant for pituitary gland and is pnrfﬂrﬂted by a minute
pituitary foramen. Basisphenoid articulates with pre-sphenoid in front and laterally
with alisphencids. (c) The alisphenoids are closely and obliquely applied on cither side
of basisphenoid. They are wing-shaped and contain three parts.

. Pre-sphenoid and orbitosphenoids—(a) They form compound bones. (b) Pre-sphenoid

is a small, laterally compressed median cartilaginous bone, forming floor of the fronfal
regions of skull and found anterior to basi-sphenoid. () Orbitesphenoids are found on
the sides of the pre-sphenoid. They are partially fused and leave a central area, called
optic foramen, intervened by inter-orbital foramen. They articulate with palalines
anteriorly, with frontals dorsally, and with squamosals and alisphenoids posteriorly.

They also form lateral walls of orbits and craninm.
Frontals—(a) They are two in number forming the roof and sides of frontal cranium.

They unite together in mid-dorsal axis and with parietals posteriorly. (b} Externally
cach frontal contains supra-orbital process and ventrally articulates with arbhitosphenoid.
Nasals—(a) They are narrow membrane bones forming roof of the olfactory chambers.
(b) The anterior ends form upper boundaries of external nostrils and externally each

nasal articulates with pre-maxilla.
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9, Turbinals—The olfaclory chambers contain jrregularly-shaped compound bones consisting
of ethmo-turbinal, maxillo-turbinal and naso-turbinal, which increase scnsory arca.

10, Vomers—(a) They are blade-like and slender bones, situated wventrally to olfactory
capsules. (b) They are fused and attached to nasal septum.

11. Peri-otic and tympanic bulla—(a) It is an irregularly shaped cartilaginous bone u‘f_'
auditorv capsule and is composed of three (pro, epi and opisthotic) ossifications. It 1s
loosely fitted between squamosal and oceipital ring. (b) The peri-otic s differentiated into
inner sirong petrous portion, enclosing membranous labyrinth and outer porous mastoid
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portion produced into mastoid process. (¢) The tympanic bulla is a flask-shaped
membrane booe, containing ear ossicles namely malleus, incus and stapes.

12. Pre-maxilla—{a) Each pre-maxilla forms anteriormost part of upper jaw. It is elongated
and united medially with other. At its tip, it contains two incisors meant for food
biting. (b) Pre-maxilla also gives two processes posteriorly, namely dorsal process,
which extends backwards up to frontal and ventral nasal process. which divides anterior
palatine foramen into two lateral halves,

13. Maxilla—(a) A pair of irregular maxillae constitutes major part of upper jaw, sides
of faece and orbits. (b) Ventrally each maxilla contains six sockets for molar and
premolar teeth and anteriorly a maxillary process which joints with pre-maxilla.
(¢) From the mid-plane of each maxilla arises horizontal palatal process, which meets
its fellow process farming hard palate. Externally, a strong zygomatic process originates
which runs behind to meet jugal forming zygomatic arch. The latter forms below the

boundary of the orbit.

14. Jugal—It is a laterally compressed bone forming major part of the zygomatic arch,

15. Pteryvgoid—It is a small and scale-like bone, attached vertically to the junction of palating,
alisphenoid and basisphenoid.

16. Palatine—(a) It is an irregularly-shaped bone on the mid-ventral region of skull.
(k) Anteriorly it forms part of hard palate and posteriorly it meets alisphenoid and

plerygoid.

DISARTICULATED SKULL BONES OF VARANUS

The disarticulated skull bones of Varanus include oceipital region, basi-sphenoid
parietals, frontals, pre-frontal, Jaerymal, supra-orbital, post-frontal, squamosal, quadrate,
nasals, vomer, pre-maxilla, maxilla, jupal, iransverse, seplo-maxiliary, palatine and pterygoid.
The lower jaw includes articular, angular, supra-angular, coronoid, splenial and dentary.

1. Occipital region—(a) It is posteriormost region of skull enclosing the large foramen
magnum and composed of supra-occipital, ex-occipitals and basi-occipital.  (b) Supra-
occipital iz situated on the roof of cranium articolating with parietals and pro-otics,
(¢} Basi-occipital forms floor of the eranium, contains a rounded occipital condyle and
articulating with basi-sphenoid, ex-oceipitals and pro-otics. (d) Ex-occipitals form wall
of eranium and articulate with supra-temporal, squamosal, parietal and quadrate. They
are perforated by foramen for X and XII cranial nerves.

2, Basisphenoid—(a) It is a broad, flat and nearly rectangular bone, found on the floor of
cranium in front of basi-occipital. (b) Anteriorly, it contains a pair of basi-pterygoid
processes, which articulate with prerygoids of respective sides. Between basi-pterygoids
processes 1s a reduced knob-like process, which corresponds with parasphencid of frog.
Posteriorly, it articulates with basi-occipital and is free laterally,

3. Parietals—The roof of cranpial cavity in parietal region is formed by two completely
fused parietals, which articulate with quadrate, squamosals, ex-occipitals, post-orbitals,
pro-olic, supra-occipital, ex-occipital and epipterygoid.

4. Frontal—(a) The roof of frontal cranium is formed by a pair of frontals, which are
separated by suture. (b) Due to the absence of sphenoid, the lateral side of frontal is
free, while anteriorly it articulates with nasal, antero-laterally with pre-frontal,
posteriorly with post-orbital, behind with parietal and beneath with para-sphenoid.
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Pre-frontal—(a) It is a small and triangular bone found between frontal and maxilla,
(b) Ventrally it contains a cup-like concavity apd it articulates with supra-orbital and
lacrymal.

Lacrymal—(a) Tt is a small bone found within margin of orbit and containing a small
opening for the lacrymal duoct. (b) It articulates with maxilla in front, with juogal
behind apd with pre-frontal above.

Supra-orbital—(a) 1t is a small anchor-shaped bone found at anterior portion of orbit.
(b} Its broad base articulates with pre-frontal.

Post-orbital or post-frontal—{a) It forms postero-dorzal boundary of orbit behind frontal.
(b} It has four processes. The two inner processes articulate with parietals and frontals.

The long posterior process articulates with squamosal, while fourth short process remains
free.

Squamosal—(a) It is a rod-shaped bone, forming posterior portion of supra-temporal
arcade. (b) Anteriorly, it articulates with post-orbital while posteriorly with guadrate,
supra-temporal, parietal, and para-occipital of ex-occipital. .
Quadrate—(a) [t is a stout rod-shaped bone, obliguely attached to postero-lateral side
of eranium and it helps in suspensorium. (b) The upper end articulates with squamosal,
supra-temporal, parictal and ex-occipital, while the lower end articulates with articular
hone af lower jaw.

Nasal—(a) A pair of nasal bones are fuscd medianly forming roof of olfactory chambers.
() Tts anterior narrow part articulates with nasal process of pre-maxilia and septo-
maxillary.

Vomers—(4) There are two vomers forming anterior roof of mouth and inner maTging
of posterior nares. Each wvomer is perforated centrally by a vomering aperture.
(b) Vomers are fused anteriorly and separated posteriorly. (c) Anteriorly, they articulate
with pre-maxillae and maxillae while posteriorly with palatines.

Pre-maxillae—(a) The two pre-maxillae are united and fused together, found at uﬂt_EfiE’T
extremity. (b} Dorsally it containg a pair of pre-maxillary foramina, ventrally i has
6-8 small teeth and posteriorly it gives three processes, namely dorsal process, Wl‘f‘ih
articulates with fused nasals, and two wing-like vomerg-maxillary processes articulating
with vomers.,

Maxilla—(a) A maxilla forms anterior hall of upper jaw on either side. (D) I
contains -10 small, conieal and curved, pleurodont teeth and several small maxillacy
loramina. (c) Maxilla articulates with palatine, pre-maxilla, pre-frontal, 5'1['-'”1'”1'1"5“1'-
lacrymal, jugal and transverse.

Jugal—(a) It is a slender bone constituting ventrally outer boundary of orbit.
(b) Anteriarly, it articulates with maxilla and lacrymal, inwardly with tronsverse and
free posteriorly.

Transverse—It is found internal to jugal extending backwards to form floot of arbit.
Septo-maxillary—(a) It is an irregularly-shaped bone above vomers in nasal region. (b) It
articulates with maxilla anteriorly and with nasal posteriorly,

Palatine—(a) Each palatine is a small, irregularly flattened bone, forming rool of buccal
cavity and posterior boundary of inner nare. (b) It has three processes, the anterior
process articulates with vomer, posterior with ptervgoid and outer with maxilla and
transverss,

Pterygoid—{a) A pair of pterygoid bones also forms roof of mouth, They are of irregular
shape containing three processes; anterior process articulates with palatine and transverse
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and posteriorly with basi-pterygoid ond guadrate. (b) Another slender epipterygoid
bone extends between pterygoid and pro-otic.

DISARTICULATED SKULL BONES OF FOWL

The disarticulated skull bones of fowl consist of occipital segment, pre-maxilla, maxilla,

jugal, quadrato-jugal, quadrate, nasal, lacrymal, ptervgoid, palatine in upper jaw and dentary,

etc,
1.

10 fower jaw.
Ovccipital segment—(a) It is the posteriormost region of skull, containing o large foramen
magnum and is composed of basi-occipital, ex-oceipitals and supra-occipital. (b) Beneath

foramen magnum is a single occipital condyle.

2. Pre-maxillac—{a) Two pre-maxillaries are completely fused together forming anteriormost
region of upper jaw and entire upper beak. (b) Each pre-maxilla contains three processes
namely nasal process, which ascends to join with frontal forming boundary of external
nare, maxillary process, which extends backwards and outwards to join w..h maxilla
and palatine process, joining with palatine to form palate. : ; .

3. Maxilla—(a) It is a rod-shaped bone of anterior upper jaw. (a) Anteriorly, it articulates
with pre-maxilla and nasal and is expanded into laminated spongy horizontal m’“‘”‘_‘“
palatine process which articulates with palatine ventrally. (c) Posteriorly, the zygomalic
process of maxilla constitutes anterior part of sub-orbital bar. , 1

4. Jﬂgﬂl—lt i5 a md-ghﬂpgd bone FﬂTm'inE middle I:Ej-l:l[] of sub-orbital bar and 15 foun
dorsal to maxilla and quadrato-jugal.
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5. Quadrato-jugal—(a) Tt forms posteriormost part of sub-orbital bar and is thickened
distaily to articulate with quadrate,

6. Quadrate—(a) It is a tough triradiate bone, situated in front of tympanic cavity and
takes part in suspensorium. (b) It has three arms- -the anterior arm cxtends above the
pteryzoid and terminates freely, the dorsal arm is movable and articulates with
squamosal, and the ventral arm gives rise to condyle which articulates with mandible.

7. Nasal—(z) The nasals form sides and roof of olfactory chambers and are separated by
nasal processes of pre-maxilla. (b) Each nasal is a thin triangular plate-like bone having
three processes—the two anterior processes form posterior boundary of e¢xternal nare and
join pre-maxillary processes, the posterior process articulates with frontal and lacrymal.

8. Lacrymal—{a) A pair of Jacrymals forms anterior boundary of orbits. (b) It contains &
curved process and a characteristic foramen.

9, Plerygoid—(a) A pair of pterygoids forms posterior boundary of mouth cavity. (b) Each
ptervgoid articulates with inner surface of ventral arm of quadrate and in front with
palatine and para-sphenoid rostrum of its side.

10. Palatine—(a) It is a slender and rod-shaped bone forming inner arcade of upper jaw.
(b) Anteriorly, palatine joins with maxillary and pre-maxillary processes and it movably
articulates with pterygoid, The posterior end is broadened to articulate with para-
sphenoid rostrom.

LOWER JAW OR MANDIBLE

FROG
The lower jaw of frog is devold of teeth and consists of the following bones !
(a) Mento-Meckelian
{1} The anterior extremity of Meckel’s cartilage becomes ossified forming a small cartilage
bone called Mento-Meckelian,
{2) It is found at the anterior symphysis of mandibles.
(b) Angulo-splenial
(1) It is a long, corved lower jaw bone, forming major part of posterior region of each
mandible.
(2) Ithasa small prajection ¢alled as coronary process.
(3) Its anterior end is pointed, while posterior end contains an articular surface for
quadrate cartilage.
{¢) Dentary
(1) It is closely applied anteriorly to angulo-splenial and is a dagper-shaped bone.
(2} It extends up to Mento-Meckelian bone.
RALBBIT
In rabbit, the lower jaw of cach side 1s made up of a single dentary bone. The two den-
taries are joined together at mandibular symphysis. Each mandible shows the following parts—
{1) Postero-lateral surface contains a large meseteric fossa for the attachment of masseter
muscle.
(2} Condyle and angle are separated by 4 deep notch posteriorly,
(3) Teeth are incigor, pré-maolars and molars,
{4} Dentary contains several processes such as condyle, angular process and coronoid
Process.
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FARANUS .
The lower jaw or mandible comprises of the following parts :

{a) Articular . :
(1) Tt is the posteriormast bone of the lower jaw ramus, articulating with quadrate dorsally,

{(2) 1t extends behind angular process which terminates into articular cartilage.
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(b) Angular
(1) It iz a small splint-like bone, found between dentary and articular,

{23 Ttis perforated by angular foramen.
(e} Suopra-angular
It is an elongated, nearly rectangular bone, found in the middle of cach ramus and
contains a pair of mandibular foramina.
{d) Coronoid
It is a small process constituting dorsal side of middle ramus and gives rise to a
backwardly-directed coronoid process.
fe) Splenial
1t is & membranous bone found in a groove on the inner side of dentary.
(I} Dentary
It forms major part of lower jaw ramus and contains 8-10 small, conical, pleurodont
teeth along dorsal edge.
FOWL
The lower jaw of fowl is devoid of teeth. Each ramus is made of the following bones :
(a) Articular
(1) It expands from posterior end of each ramus and is continued with Meckel’s cartilage.
(2) It contains mandibular condyle dorsally.
(b) Angular
It lies below articular and forms lower border of jaw.
{c) Supra-angular
It forms uppeér margin of posterior mandible and contains a small coronoid process.
(d} Splenial
It is a thin bone found along the inner surface of middle mandible.
(¢) Dentary
(1) It forms anterior half of mandible and joins with fellow dentary at symphysis,
(2) It is devoid of teeth and contains a mandibular foramen.

VERTEBRATE
Frog Varanus Fowl Rabbit
I. Atlas 1. Atlas 1. Atlas . Atlas
2. Tymeal, 2nd to Tth 2. Axis 2. Axis 2. Axis
3. 8th vertebra 3. Typical cervical 3. Typical cervical 3. Typical cervical
4. 9th veriebra 4. Thoraco-lumber 4. Fused thoracic 4. Anterior thoracic
5. Urostyle 5, First sacral 3. Free thoracic 5. Posterior thoracic
6. Second sacral #. Synsacrum 6. Anterior lumber
7. Anterior caudal {Thoracic, lumber 7. Posterior lumber
sacral, anterior 8. Sacrum
caudal) 9. Caudal

7. Free caudal
8. Pyvgostyle
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Atlas—(a) It is a ring-shaped bone with reduced centrum on one face only. (b) Anteriorly
centrum contains two large concave facets for articulation with occipital condyles.
(c) Pro-zygapophyses absent, neural spine reduced and post-zypapophyses present.

Typical Tth vertebra—1t is a typical vertebra. It is also nearly ring-shaped bone, having
a large newral canal for spinal cord. (b) Centrum procoelous with anterior concave face
and posterior convex face. (c) Neural spine is blunt and transvcrse Processes are long
and tapering on either side of centrum. (d) Pre-zygapophyses are inwardly and upwardly

directed, while post-zygapophyses are downwardly and outwardly directed.

() The

second and fourth vertebrae are like typical vertebra except that in former meural spine 1s
short and transverse processes broad, while in latter transverse processes are long and

broad distally.
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3. Eighth vertebra—(a) The centrum is amphicoelous or biconcave. The anterior part of
centrum receives posterior convexity of seventh vertebra and posterior part receives
anterior convexity of ninth vertebra. Other parts of vertebra are transverse Processes,
pre- and post-zyvgapophyses.

4. Ninth or sacral vertebra—(a) It has biconvex centrum. Single anterior convexity fits
into posterior concavity of eighth vertebra, while two posterior convexities fit into
anterior concavities of urostyle. (b) The transverse processes are long and cylindrical,
obliquely and backwardly directed to articulate with ilia bones of pelvic girdle.

5, Urostyle—({a) It is last part of vertebral column and quite elongated. (b) Centrum is rod-
shaped which contains two concavities anteriorly for articulation with the ninth vertebra.

FERTEBRAE OF VARANUS

1. Atlas—Tt is also a ring-shaped bone, composed of three pieces, two dorso-lateral and
one ventral. The centrum and transverse processes are absent. (b) During living condition
the neural canal is divided into dorsal and ventral parts by a ligament. (c) It contains
anterior concavity for occipital condyle and posterior facet for odontoid process,

2. Axis—(a) It is the second cervical vertebra. Transverse processes arc absent. (b) Pre-
zygapophyses reduced, while post-zygapophyses well developed. MNeural spine large
crest like. (¢) Axis containg a spine-like process, the odontoid process, and hypapophysis.
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L

1.

Typical cervical—{a) Centrum elongated and strongly procoelons. It contains a
veniral backwardly-directed hypapophysis. (b) Neural spine is crest-like. MNeural arch
contains a pair of anterior upwardly-directed pre-zygapophyses and a pair of posterior
backwardly-directed post-zygapophyses. Behind third vertebra, each cervical contains
a pair of lateral facets for articulation of ribs.

Thoraco-lumbar—(a) They are larger than cervical with strongly procoelous centrum and
well developed pre- and post-zygapophyses. (b) Hypapophysis absent and at the junction
of neural arch and centrum, a distinet capitular facet is present to articulate with rib in
cach vertebra.

First sncral—(a) It supports pelvic girdle. The centrum is procoelous, pre- and post-
zygapophyses well developed. (b) MNeural spine slightly crest-like. Transverse processes
greatly expanded and notched to articulate with ilia.

Second sacral—(a) It resembles first sacral in having procoelous centrum, lower crest-like

neural spine and well-developed pre- and post-zygapophyses. (b) It differs from first

sacral in the abscnce of a notch in transverse processes.

Anterior candal—(a) It is like sacral superficially, but it contains long centrum, slender,

transverse and neural spine processes and fairly developed zygapophyses. (b) Specific

feature of the vertebra is the presence of a Y-shaped chevron bone,

VERTEBRAE OF FOWL

. Atlas—(a) Atlas or first cervical is ring-shaped. roughly triangular bone, composed of

two dorso-lateral and ope ventral pieces. The ventral part contains nmnf.iwiljf.l"ﬂr
occipital condyle and a notch for odontoid process. (b) Centrum, neural spine, ribs,
transverse processes and pre-:ygnpuphyses are absent.

. Axis or epistropheus—{a) It is also called as second cervical which is without transverse

processes, ribs and vertebral canals. (b) Neural spine, pre-zyzapophyses and post-
zygapophyses present. (c) Centrum heterocoelous and produced into an anlerior odontoid
process.

Typical cervieal—14 in number. (a) Centrum heterocoelous. The ne nral arch short and
neural spine rudimentary, (b) Transverse Processes short and irregular and fused
with thin, backwardly-directed reduced cervical ribs. (c) Pre-zygapophyses flat while
post-zygapophyses project downwards and outwards,

Fused thoracic—(a) 7 in number and sccond to fifth vertebrae are fused. (b) Due to
complete fusion, the neural spines, transverse processes and hypapophyses look like
plates which are perforated by intcryertebral gaps.

Free thoracic—(a) First and sixth are free vertebrae, (b) Each vertebra has heterocoelous
centrum, hypapophysis and it also carries double-headed thoracie ribs.

Synsacrum —(a) Synsacrum is formed by last thoracic, 6 lumbar, 2 sacral and 7 caudal
vertebrae, (b) Thoracic vertebra contains a pair of thoracic ribs. (c) Lumbar vertebrae
fare ﬁfmlj.l fused together with free Lransverse processes and without h}'pﬂpﬂph]’ﬁﬂs.
(d) Sacral vertebrae fuse to form bony plates,

VERTEBRAE OF RABBIT

Atlas—(a) It is first cervical and signet-ring like. (b) Centrum, zygapophyses absent and
neural spine is rudimentary. On the sides are present flattened cervical ribs, the so-called
transverse processes. (c) Anteriorly, it contsins two faccts for occipital condyles and

posteriorly, three facets for odontoid process, (d) During living condition, neural canal
divided by a ligament.
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2, Axis—(a) It is second cervical,

(b) MNeural spine is flattened, antero-posteriorly

elongated and ridge like. The cervical ribs or so-called transverse processes are small,
(c) Centrum contains peg-like odontoid process and pre-zygapophyses absent,

3. Typical cervical—(a) Rest of the cervicals are typical having small neural spine, large
neural arch, flattened centrum, pre-zygapophyses and post-zyvgapophyses, (b) Transverse
process bifurcated and perforated by vertebral arterial canal, .

[
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B,

_ Anterior thoracic—{(a) It contains backwardly-oriented neural spine. Meural arch has

upwardly-directed pre-zygapophyses and  downwardly-directed pnsi-z.}'gapuph}'a:’as.
(b} Transverse processes are short and contain facets for tuberculum of a tib.
{c) Centrum is short. _ _ 1
Posterior thoracic—(a) Last 4 or 5 thoracie vertebrae differ from anterior onc in having
long centrum, shorter neural spine, distinct zygapophyses and reduced Iransverse
processes. (b) It contains capitular facets, metapophyses and anapophyses,

Anterior lumbar—(a) Out of 7 lumbars, first two may be called as anterior |umbar.
(b) The neural arch of each vertebra on either side contains anteriorly metapophysis, which
contains pre-zygapophysis and posteriorly a backwardly-directed process, called as
anapophysis below post-zZygapophysis,

Pasterior lumbar—i{a) 3rd to 7th vertebrae are called as posterior lumbar, (b) They
resemble anterior lumbar in all respects execept that the hypapophysis is ridge like. |
Sacrum—(a) Sacral vertebrae (4 in number) are fused to form a compact bone supporting
pelvis. (b) The neural spines. zygapophyses and intervertebral foramina are peculiar,
(c) Metapophyses are reduced and anapophyses are absent.
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Fig. 6-19. Ribs of Farames, Fowl and Rabbit.

THORACIC RIBS

FARANUS

All the thoracic vertebrae bear one pair of thoracic ribs. They are slender, curved
rods of bone and cartilape. Each rib is differentiated into a dorsal bony verrehral portion
and a ventral cartilaginous sternal portion. Ribs are unicephalous or single-headed, that is,
the vertebral end bears a single facet, or capitulum, which articulates with the centrum of the
vertehra. The sternal parts of the anterior three thoracic ribs reach ventrally to join the
sternal plate.

FOWL

There are 7 pairs of thoracic ribs in fowl, one pair articulating with each thoracic
veriebra, WNormally each rib is made of a dorsal verrebral porrion and a ventral sternal
partion. The verlebral end is bicephalous, that is, consisting of two heads, a capitulum for
the centrum and & fuberculum for the transverse process of the thoracic vertebra. The
vertebral part bears a prominent backwardly-directed uncinate process, which overlaps the
next rib behind and is characieristic of birds.

RABRIT

The thoracie vertebrae carry eaclh one pair of thoracic ribs. The ribs are slender,
curved and each differentiated into a dorsal bony verrebiral portion and a ventral cartilaginous
sternal portion. The vertebral end is bicephalous or two-headed, bearing two facets, the

capitulim and the tubzrenlum, articulating with the centrum and transverse process of the
thoracic vertebra,

PECTORAL GIRDLES
FROG

1. Pectoral girdle is found embedded in the body wall in thoracic region. It is composed
of two identical halves, which are permanently attached with sternum.

2, Each half is composed of scapular and coracoid regions.

3. Scapular region consists of supra-scapula and scapula, Supra-scapula is broad, flat and
rectangular bone having free calcified cartilaginous margin. Scapula is also flat and
contains a cup-like glenoid eavity for humerus.

4, Coracoid region is made up of two bones, namely clavicle and coracoid, and two
cartilages viz.—epicoracoid and pre-coracoid.

5, Pectoral girdle protects viscera and gives support to limbs,

FARANUS

1. Pectoral girdle of Faranus is also made up of two identical halves, firmly attached with
T-shaped interclavicle.

2. Each half is composed of supra-scapula, scapula, coracoid, interclavicle and clavicle.

3. Supra-scapula—It is flattened, calcified and cartilaginous plate, articulating ventrally
with scapula, while dorsal margin is free and curved.
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4. Beapula—y; completely ossified, fattened and unfenestrated plate, articulating with
SUDTA=3Capnla and coracoids

5. Coracojd—qy ¢ o flat bona purtly ossified and partly cartilaginous. 1t contains two large
fenesirae, which divide ossified rcgion into three parts namely antorior pre-coracoid,
middle mesaeoracaid and posterior broad coracoid proper. lnner end of coracoid is
termed epicoracoid,

i, ]-I:lil.‘-rfln‘iffl:]t_.T_;,h:]pfr] investing bone between two halves,

Clavicle= Tt i 5 shot asd curved dermal bone, articulating with supra-scapula and

iiterclaviela,

FOWE

1. The peetoral girdle is peculinrly inverted L-shaped (D) bone and is composed of coracoid,
scapula and clavicle,

:-:l
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2, Coracoid—(a) It is a large, stout and rod-shaped bone. The distal end 1s produced into
hook-like acrocoraceid process, while proximal end is flattened to articulate with coracoid
groove on the antero-lateral border of sternum. (b) Below acrocoracoid process, the
inner surface of coracoid articulates with scapula, while outer surface contains a
cup-shaped glenoid cavity for humerus head. _

3. Seapula—{a) It is a sabre-like bone. (b) Anteriorly it contains a cup-shaped depression,
forming part of glenoid cayity and on inner side it has acromian process.

4. Clavicles—(a) They fuse to form a V-shaped furcula or merrytheught or wishbone,
(b) Each clavicle is a rod-shaped bone. (c) Ventrally two clavicles unite to form
interclavicle or hypocleidium.

RABRBIT

1. Each half of pectoral girdle is made up of clavicle and seapula-coracoid,

2. Clavicle—(a) It is a slender, rod-shaped, curved and membrane bone.  (b) It articulates
with manubrinm of sternum and acromian process of scapula,

3. Scapula-coracoid—(a) It is a triangular replacing bone. The apex contains a concavity
called as glenoid cavity for humerus head and over glenoid cavity hangs coracoid
process. (b)) A distinet vertical spine divides outer surface of scapula and it terminates
into acromian process, which further gives metacromian Process.

PELVIC GIRDLES

FROG

1. Th:_a _t-im pelvic girdles form V-shaped structure. Each girdle or inneminatum is composed
of ilium, ischium, pubis and acetabulum.

2. Ilium—(a) Tt is a long bone meeting with transverse process of ninth vertebra, (b) Dor-
sally it contains a distinct ifiac crest. (c) Two ilia meet posteriorly at iliac symphysis.

3. Pubis—Tt is reduced calcified cartilage forming major part of acetabulum. Two pubic
cart[lagts are completely fused.,

4. !ﬂhlllll:-rl:t—-—Twn ischia give rise to one-third of disc and completely fuse together at
1schiatic symphysis,
FARANUS

[. (a) Itis composed of usual three bones namely illum, pubis and ischium, (b) Three
bones are very hard and solid. Externally, at the junction of three bones is a large
Hﬂ:ﬂﬂbm’xmli for head of femur, (c) Joints distinct,

& Ilfum—-lt 15 a rod-shaped bone constituting major part of acerabulum and articulating
Wltl_l sacral vertebrae, [t has a pre-acetabular process,

3. Pobis—(a) Itis a curved bone. (b) The two pubes meet at pubic symphysis, which in
front containg epipubis. Pubis contributes to one-third of acetabulum and is perforated
by & small foramen for obsuraror Herve.

gt I“h,lnm:_..rh': two ischia are flat and curved bones meeting at fschiatic symphysis. From
the ischiatic symphysis, a rod-shaped hypo-ischium extends backwards to support ventral
wall of cloaca,

FOWL

1, Mﬂ“ﬁ““ﬂh pelvic girdle of fowl contains usual three parts, namely ilium, ischium and
pubis, yet it is noteworthy because of (1) absence of ventral symphysis due to large eggs:
(2) firm union with vertebral column, and (3) incomplete ossification of acetabulum,

2. HNivm—(a) Ilium is a long lamellar bone differentiated into pre-acetabular  and
post=acetabular parts. (b} Ilium forms dorsal part of the acetabulum.



Comparative Osteology
[ 249

] y

i3 Draacatabrlagr
Prencasy
of - i linm

tSCR I

fosathan
Far
Oblurator
MEfe

LEFT H - i
ALF OF PELVIC GIRDLE OF FROG (Lateral visw) Pk

facet _ ilititm pibiz

[ [5]
saCrami

Arepruhis

PELVIC GIRDLE'OF VARAMNLI
fleft Oz ianomingtum in vensral mrsw;

cotylaicd acalabulum

bBone ; i
postacetabular llum  antitrochanter surface preacetabular iliym

Pk : "
‘ F ischium
v'r — ifimschiatic
p’f b, Ve foramen
H| Il ischial ;
1 'wbnlusi:v i :-'
ischiom

= . R
obiurator 1) ~-
foraman —

obturator
pubis foramen

PELVIG GIRDLE OF RABRIT
(Left half in ]
fin Joreral view) RIGHT OF INNOMINATUM OF PELVIC GROLE OF FOWL (Quter view)

prepublc preess

perforated acersbutum

Fig. 6-21. Pelvic girdles of Frog, Pararas, Robhit and Fowl.

3. Ischium—[t extends behind acetabulum and is fused with ilium posteriorly and separated
anteriorly by ilio-ischiatie foramen.,

4, Puh_Is——I t i5 a slender bone forming ventral part of acetabulum. Behind acetabulum
Pubis is separated from ischium by abturator forarien.
RARRBIT

1. The t'.:;u halves of pelvic girdles are united at a pubic symphysic. Each half of immomingrm
containg iffum, ischium and pubis. The three bones are fused together forming hip bone
External to cach bone is a cup-shaped acerabulim. :

2. Dium is a blade-like bone and it articulates with sacrum.

3 Iﬁgllium_n forms postero-dorsal part of innominate bone. The posteriormost art j
””'ﬂfﬂﬂl:d forming ischial feberosity. . 0

4. ;"uhza :|t~. a 5|Tﬂ” bone forming ventro-lateral port of girdle. A smal| t:-:!ty]n:-id‘ hone

revents puhi i 15 1 I

s Ghl.{:rat ;rfrr‘gi:mr:z?hmg up to acetabulum. Pubis is separated from ischium by a

FORELIMB BONES
FROW
Humerus. radio-ulna and hand bones constitute bones of forelimb.
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Fig. 6-22. Forelimb bones of Frog.

attachment. (d) The distal end has a prominent trochlea or capitulum and a condyviar
ridge for articulation with radio-ulna.

Radio-ulna—(a) It is a compound bone of forearm formed by fusion of radius and ulna
bones. (b) At the proximal end it contains a concavity for articulation with eapitulum
of humerus and an olecrangn process. (c) A groove divides radius and ulna distally;
cach terminates into a facet to articulate with carpal bones.

. Bones of hand—(a) Wrist bones arc called as carpals, which are six in number and

arranged in two rows of three each. The bones of proximal row namely radiale,
intcm'n_cdi'um and ulnare articulate with radio-ulpa. The bones of distal row namely
trapezium, trapezoid and capitatohamatum articulate with metacarpals, The first
metacarpal is rudimentary. First digit is absent, rest arc internally supported by short
bony rods, known as phalanges. First and second digits contain two phalanges each,
while third and fourth digits have 3 phalanges each.

VARANUS

Forelimb is constituted by humerus, radius and ulna and bones of forefoot.

« Humerus—(a) It is upper arm single

bbﬂl:i with both ends expanded, {(b) The
proximal end contains head which fits
into glenoid cavity, The head and a

medial process enclose a bicipital fossa. process
{c) Deltoid ridge present. (d) Distal end

pulley-like and trochlea contains two daltaid
articular facets for radius and ulna. ridgs
Radius and ulna—(a) Unlike frog, the
forearm radius and ulna are not fused.
(b) Radius is slender and made up of a

shaft and two epiphyses. The distal npico”rmﬂﬁ
end contains a concave articular facet
and a pre-axial styloid process, (c) The
ulna is stouter. The proximal end
contains olecranon process and distal
end has a convex articular surface for HUMERUS RADIUS.ULNA & BONES OF HAND

carpus. Fiz. 6-23. Forelimb bones of Faranus.

bicipial Jossa gl glecranon MoCEss fadiiig
o £

o

cenirals

|-"|I|.J|:I||#|I||II1I-._|_M_L{\ rarliate
- -'_-.P
piseiform - !l_

!

!
melacorpal s =

shafi=

W

phakanges T‘:.‘IL
v B,

radiels opicondyla 1 claven



Comparative Osteolo
E¥ [ 25!

preumatic feramen

.-"Q head
( daleaid

ridge

alzcranon fused distal carpal
Process Lirpas

sigmoid SJ )/0/
noaLch

chndyles

af
humerus

I8cranGn ~ MUCFient
i ﬂrn';‘;nﬂ radius =1 \ fararmen METacerpl
coranaid I
fussa ,,J ] il
curved PEARER.
candyles: axial
surface
of 1]
ulna fmetacarpal

intfrcnndylu‘ groove
[Anterior view) (Posterior view)

HUMFER LIS RADIUS & LLMA CARFPOMETACARFPUS
Fig. 6-24, TForelimb bones of Fowl.

Bones of forefoot—(a) The wrist is made up of 10 small polyhedral rounded bony
carpals arranged in two rows. (b) Proximal row contains three carpals namiely radiale,
ulnare and intermedium. (c¢) The distal row has 5 carpals. A centrals is found between
two rows and a pisciform is attached to the distal epiphvsis of ulna, The manus contains
five eclongated metacarpals and bears S digits made up of 2, 3, 4, 5 and 3 phalanges,
respectively. Each terminal phalanx contains a horny claw.
FOWL
The forelimb is adapted for flight with the result radius and ulna do not move upon cach
ﬂ@hler. distal carpals fuse with the metacarpals forming carpometacarpns and ooly three
digits are present. Forelimb is composed of humerus, radius, ulna, carpals, carpometa-
tarpms and phalanges.
Humerus—(a) It is pneumatic upper arm hone, expanded at both ends. (b) Proximal
r:_nd contains convex head, which contains one smaller pre-axial tuberosity or delorid
ridge for pectoral muscles and other greater post-axial tuberosity, which contains a large
Dﬂturflﬂtjc foramen, communicating with air space in shaft of bone. fc) Distal end
contains two trochlear articular surfaces for radius and ulna,
Hadins—ulnu—(aj The radius and wina constitute separate bones. (b) Radius is straight and
slltndr.r. The proximal end has a cavity for outer condyle of humerus, while distal knoh-
like ulmi fits into radiale carpal, (c) Ulna is longer and curved. The proximal end
contains a facet for inner condyle of humerus and is produced as plecranon Process
{"l:'lm distal end articulates with carpals and radius. g
E:;jp;l__v;; :::dmfﬁ- arrigu[HT:c]:ng with radins :{md ”hmm. arLEmIl[ut[ng with ulna form carpals,
e 0, BT LSSt i s Sl b o oty
and third slightly curved outwardly., PrISIRCIm S oy or st ent
Phalanges—Three digits only. The pol it digi i :
second digit has two ?:rhzll:mg}res, whﬂfth?::lﬂcrli:{:tl}:]sg;tnI]WE it R
S y one phalanx.
Forelimb comprises of hu '
I—lumerm—{a]plt 15 a r‘;ﬁ;‘:’:;;“‘:f:i;“'““i‘_hiﬂi h{:’I = ﬂf I'urefﬂnt.l i
close 1o head are outer greater and inlm:r less i a"myiatﬂs o g]epmd cavity and

er tuberasities, (b) Deltoid ridge present,

(c) Distally humerus contains a pulley-li
y-like trochlea Ic ¥
above trochlea are coronaid and olecranon fossae, Ranbedeii o St
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Fig. 6-25. Faorelimb bones of Rabbit,

2. Radius and ulna—{a) Radius and ulna separate but united firmly at both ends.
(b) Radius is smaller and curved. (¢) At the proximal end of ula is an eleeranon
pracess, which articulates with olecranon fossa of humerus. At the base of olecranon
process is a sigmoid notch which fits into trochlea of humerus,

3. Bones of forefoot—The wrist contains nine small bones in two rows, namely radiale,
intermedium and ulnare in proximal row and single cemtrale, trapecium, trapezeid,
magntem and unciform in distal row, A sesamoid bone or pisciform is found on ventral

side of carpus. Mamis has five digits with 2, 3,3, 3 and 3 phalanges, respectively.
Terminal phalanx has horny claw.

HIND LIMB BONES
FROG

Femur, tibio-fibula, astragalus, calcaneum and foot bones constitute bones of hind limb.
1. Femur—(a) It is thigh bone having expanded ends, covered with calcified cartilages.
(b) Proximal end or head articulates with acetabulum while distal end with tibio-fibula.

head proximal fibulare or calcanaum,
articular facel oL T
proximalepiphysis astragalus 2134
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Fig. 6-26. Hind limb bones of Frog.
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2

3.

Lk

4.

Tibio-fibula—{a) These are shank bones and elongated. (b) Tibia is inner and fibula
is outer, both fused together to form a compound bone. Proximally tibia contains a
tibial crest. (c) At the proximal end tibio-fibula articulates with femur, and at distal
end with assragalus—calcaneunt.

. Astragalus-calcaneum—(a) They are prﬂﬁimﬂ] ankle bones united at both ends and

covered by epiphyses of calcified cartilage. (b) The outer thicker straight bone is
caleaneum or fibulare, while inner thinner and slightly curved bone is astragalus or ribiale.
Bones of foot—(a) Foot contains 5 long, slender bones, known as metararsals, having five
true toes, First, second, third, fourth and fifth digits contain 2, 2, 3, 4 and 3 phalanges
respectively. Sixth toe is very small

i . ; berasit tib
pre-hallux or calear. fibula

j tibhsle g5t
VARANUS b Bl
Hind limb consists of femur, tibia and fibulje
fibula and bones of hind foot. shaft!  guc 3
Femur—(a) It is thigh bone having tarsals tarsa

two epiphyses. (b) The proximal
end contains fead, which fits into
acetabulum, while distal end is pulley
shaped, having two tuberosities for
articulation with tibia and fibula,
(¢) Femur has lesser trochanter and
greater trochanter or pre-axial and FEMUR TIBIA-FIBULA & BONES OF FOOT
post-axial sides respectively. Fig. 6-27. Hind limb bone of Varanus.,

Tibia and fibula—(a) These are shank _ ; .
bDﬂEE. ':h:l Tibiﬂ- :i5 Stﬂut ﬂ.nd EHT\"Ed ﬂnd ig on I}I’E—HEEEI Elde, Wh||e ﬁb‘ulﬂ 15 Elcﬂ'd-ﬂ'[ B.I'I.d.

on post-axial side. : :

Bones of hind foot—(a) It is made up of § tarsal bones. First, stmnd_. third, fourth
and Ffth toes contain 2, 3. 4, 5and 3 phalanges respectively, each having a terminal
horny claw.

FOWL

Hind limb comprises of femur, tibio-tarsus Bd GRbulg, A cealn, SIso- ML ATE Bt
phalanges. Hind limb is modified for bipedal locomotion.

condylo

. Femur—(a) It is cylindrical, short and curved thigh bone. (b) Head fits into

acetabulum and cutwardly it coniains greater trochanter. (c) Distal end is pulley-shaped
for Pﬂ'f{lf!ﬂ bone and bounded b_"nl' W Cﬂﬂd}'lﬂs to articulate with tibia.

Tibio-tarsus and fibula—(a) Tibip-rarsus and fibula form shank bones. (b) Tibio-tarsus
is straight and long bone and is formed by fusion of tibia with proximal row of tarsals
(astragalus and calcaneum), (c) Proximally, it articulates with femur and distally with
tarso-metatarsus, (d) Fibula is reduced to small slender bone.

Tarso-metatarsus—{a) It is a compound bone formed by fusion of distal row of tarsals
with second, third and fourth metatarsals. (b) In males tarso-metatarsus bears
fighting spur.

Phalanges—(a) Four toes. First or hallux is directed backwards and remaining three

forwards. (b) First, second, third and fourth toes have 2, 3, 4 and 5 phalanges
respectively; each one is clawed.
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Fig. 6-28. Hind limb bones of Fowl.
RABBIT

Hind limb is formed by femur,
1. Femur—i{a) It is thigh bone.
greater and third trochanters present for muscle attachment.

tibio-fibula and bones of hind foot.
Proximal head articulates with acetabulum.

(b) Lesser,
{c¢) Distally it has pulley-

shaped structure, having two lateral condyles which enclose intercondylar groove.

Tibio-fibula—(a) Tibio-fibula form shank bones,
(b} Tibia is large and fibula small.

_ Bones of hind foot—(a) It contains six tarsal bones in iwo TOWS.

free proximally and united distally.

(b) The tibiale and

intermedium of the proximal row arc fused to form astragalus on pre-axial side, while

calcaneéum is the largest tarsal bone produced

row contains three honcs—mesocuneiform, ectocuneiform

into & spur on post-axial side. (c) Distal

and cuboid. (d) Only four

toes each having three phalanges and each terminal one contains a claw.
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Fig. 6-29, Hind limb hones of Rabbit.
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Dissections

DOGFISH (Scoliodon)
EXTERNAL FEATURES

Take a formalin-preserved or Sreshly-killed Scoliodon, wash in tap-waler and examine the
external features, Draw lateral view of the specimen,
Size—It ranges from below 30 em. to 60 cm. Females are larger than males.
Shape—It is spindle-shaped. The head is dorso-ventrally flattened, while rest of the
body is laterally compressed.
Colouration—The back and sides of the body are brownish in colour, while the under-
surface is yellowish white. _
Texture—The body surface is rough to touch due to backwardly-directed spines of the
placoid scales,
Divisions—The entire hody is regionated into fiead, trunk and fail.
(1) Head—1It is flattened and produced inta the siout in front of mouth. Note rthe following
Sructures in the head—
Mouth—It js crescentic in shape, found on the ventral surface and is guarded by the
upper and lower jaws, The jaws contain backwardlv-directed conical teeth,

Nostrils—These are obliquely-placed, small apertures on either side of body, anterior to
the mouth,

A pair of eyes—Each eye is large and situated on the lateral side of head. [t contains
upper eyelid, lower eyelid and a thin transparent nicritating membrane,

Pores—Several ampullary pores are present on the upper and lower surfaces of the
head. [Each pore opens into the lateral line canal.

Gill slits—There are five gill slits on either side, a little behind the head.

(2) Trunk—This region constitutes major part of the body starting from behind the gill slits up
te cloacal aperture. Trunk containg median impaired fins and paired lateral fins,
The median fins include—

First dorsal fin—It is found anterior to middle part of the body,

Second dorsal fin—It is found a little behind the first dorsal fin and is a bit smaller
than the first.

caudal pit second dorsal fin lateral line

first darsal fin pill elefrs head

.........

eaudal fin

cail vantral fin

Fig. 7-1. Dogfish (Scoliodon). External features,
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Fig. 7-2. Dogfish (Scoliadon). General anatomy of female.

Ventral fin—It is found on the ventral side, at a little distance to the position of
second dorzal fin.

The paired fins are—
A pair of pectoral fins—These are large fins found just behind the gill slits and in
horizontal plane,
A pair of pelvic lins—These are very small and found on either side of the cloacal
aperture.

(3) Tail—The portion of the body behind the cloaca is called rail. It propels the fish through
the water by caudal fin, The caudal fin contains epicaudal and hypocoudal lobes.
At the junction of caudal fin and tail is a caudal pit.
A pair of efagpers are found attached to the pelvic fins in males only. Sides of the
fish contain faintly-marked lateral lines.
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GENERAL ANATOMY
Procedure for Dissection

b (1) Tuke a preserved specimen, wash in water and lay down on the dissecting board with
the ventral surface upwards or facing you and fix the animal by pinning the pectoral fin,

(2) Make a mid-longitudinal incision in the body wall from the cloacal aperture up to the
pecroral girdle and also cut transversally ar each end of rhe longitudinal incision. Refleet and
pin down the cut flaps. Examine the following organs—

Oesophagus — Behind the pharynx is a short oesophagus which leads into the stomach.

Stomach—It is J-shaped and divided into the proximal cardiac stomach and distal

pyloric stomach joined by blind sac,

Intestine— Pyloric stomach opens into the wide intestine, which is internally folded into

the scrodf valve, which can be seen by cutting transversally or longitudinally.

Reetum—The intestine leads into the cloaca. A large recral or caecal gland opens on

the dorsal surface of rectum,

Liver—It consists of two large and elongated lobes ventral to cardiac stomach. The

two lobes are anteriorly jointed. Gall bladder is found on the dorsal lobe.

Pancreas— [t i= a bilobed compact gland, situated in the angle between the two limbs

of the stomach.

Spleen—1t is found in the coils of the pyloric stomach.

Vascular organs— Structures scen are the pericardium, heart (atrium and ventricle),

conus arteriosus, ventral aorta and septum transversum,

Male urinogenital organs—These include testes, vasa deferentia, vesiculae seminales,

sperm sacs, caecal gland, kidneys, ureters and cloaca, 1 _ :

Female urinogenital organs—The female specimen has owvaries, oviducts IWIL‘I oviducal

funnels, epigonal organs, shell glands, uterus, caecal gland, kidneys, ureters
and cloaca. —

HEART AND AFFERENT BRANCHIAL ARTERIES

For expasing heart and afferent branchial arteries cut through the pectoral _g:’rd!ft and
remove its middle portion. Take care not 1o injure the hear¢ befow, Remove the perieardium.
(1) Heart—It is a dorso-ventrally bent muscular tube containing four chambers, namely
sinug venosugs, auricle, ventricle and conus drieriosus. .
(2) Afferent branchial arteries— The conus arteriosus is continued forward as ventral sorta
which gives rise to afferent branchial arteries. : 0
The ventral gorta runs up to the posterior border of the pharyrtz. _Eflstal}F it divides
into two innominaie arteries. Each innominate artery again divides into I afferent
branchial artery and 11 afferent branchial artery. 111, 1V and ¥ afferent branchial arteries
originate directly from the veatral acrta at equal distances from each other.
Five pairs of afferent branchial arteries supply to five pairs of gills.

EFFERENT BRANCHIAL ARTERIES

For efferent branchial arteries dissect the fish from the roof of the pharynx,

There are 9 efferent branchial arteries on each side, The [-4-1I, TII4+1IV, V4VI and
VII4-VIII efferent branchial arteries form four pairs of Joops., The ninth efferent branchial
artery joins with the VIII. The four loops are connected together by longitudinal vessels. Each

loop is continued as an epibranchial artery. The four pairs of epibranchial arteries unite to
form the dorsal aoria.
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Fig. 7-3  (Dogfish Scoliodon). Afferent and efferent branchial arterics.

. racila
Alsc examine some main arteries supplying the head such as the afferent spiraciiar
artery, hyaidean epibranchial artery and anterior branches of dorsal aorta.

EYE MUSCLES ‘ g 2

Remove the eyelids and nictitating membrane to expose the eye-ball _'51"‘{ id "_“"-” f'f'! L
ve muscles are inserted into the eye-ball in two groups.  Note the Jollowing six eye NIHSCIES -

(1) Superior recius—Inserted on the dorsal surface of the eye-ball.

(2) Inferior rectus— Inserted on the ventral surface of the eye-ball.

(3) Anterior rectus—Inserted on the anterior surface of the eye-ball.

(4} Posterior rectus—Inserted on the posterior surface of the eye-ball.

{5) Superior oblique—Inscrted on the dorsal surface of the eye-ball,

(6) Inferior oblique—Inserted on the ventral surface of the E].I'c-'f?'r[-t"-

Optic peduncle—It is a cartilaginous stalk holding eye in the orbit.

INTERNAL EAR _

Procedure—The internal ear or membranous labyrintic lies in the auditory capsule just
Behind the orbit on either side. The auditory eapsules are seen as bulgings on _ﬁ'm er  side.
Remove the skin over auditery capsules. Careful observation shows ridges af anterior vertical,
! orizontal and posierior vertical semicircilar canals, The cartlidage of audirory f-'ﬂ;'i_r-ﬂ!fﬁ' can be
gently broken by forceps. Take care not fo infure the canals of membranous labyrinth. Locale
the vertical canaly and proceed. ; Y

The internal ear consists of anterior vertical canal, posterior vertical canal, L]mnmnml
canal, ampullae of anterior vertical canal, horizontal canal and posterior vertical canal,
lagena cochlea, recessus utrienli, utriculus and nerve supplies.
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CRANIAL NERVES
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Procedure—pfake a loneftudinagl incivion in the middle of head fraom the gill cleft region

up fo the snout and alsa make (ransverse incisions o ote side up 1o the lower edges.

Menpig

the flap of skin. There are 10 pairs of cranial nerves emerging from the cranium as given in the

Tollowiliy chart -

No. MName Origin
I. Olfactory Originates from elfactory lobe.
II. Omptic Originates from optic thalamus.

II. Oeulomotor Originates from wventral

surface of mid-brain.

IV. Pathetic Originates from dorsolateral
side of mid-brain.

V. Trigeminal. Originates from side of

It has 5 branches ; medulla just below corpora
restiformis.
{a) Ophthalmicus —

profundus

(b) Ophthalmicus B
superficialis

(¢) Maxillaris superior =

(d) Maxillaris inferior —

(e} Mandibularis —

VI. Abducens Originates from vental
gide of medulla.

VII. Facial—It has the

following branches :

(a) Ophthalmicus —-
superficialis

(b} Ramus buccalis =

Originates from cranium,.

() Ramus

hyvomandibularis :

(i) Mandibularis —
externus

(ii} Mandibularis =
intermus

(iii) Hyoidean =

(d) Ramus palatinus

Malore

Sensory.
Sensory.

Motor

Motor

Mixed.

Motor.

Innervation
Nose epithelium.
Retina.

Eye muscles
{anterior  rectos,
superior and in-
ferior rectii and
inferior obligue).
Superior obligue
muscie of eye.

Olfactory capsule
and dorsal skin

of snout.
Skin of snouat;

Skin of upper jaw.
Posterior part of

upper lip.
Muscles : lower jaw,

Posterior rectus
and external rectus

muscles of eye.

Sense organs of
smout.
Infra-orbital late-

ral] line organ.

Mandibular canal.

Mucous membrane
of buceal floor.

Roof of pharyngeal
and buoccal cavity.
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Fig. 7-5. Dagh:h (Seallodn), Crantal nerves dissected in Jalerdd view,

No. MName Orign Nature Innervation

VIIIL. Auditory Originates from side of Sensory Internal ear.
Medulla ¢lose to V and
VII cranial nerves,

IX. Glossopharyngeal Originates from ventro-

It has 2 branches ; lateral side of medulla.

(a) Pre-trematic — — Mucous membrane,

_ Ist gill shit & pharynx.

(b) Post-trematic — - Muscles of pharyvox,
X. Vapus— Originates from side of

It has 3 branches : medulla.

{a) Branchialis - - Crills,

{b) Visceralis — - Visceral organs.

(c) Lateralis = = Lateral line of trunk.

FROG (Rana tigrina)
EXTERNAL FEATURES

Note and examine the following in the fiving frog :
(1) General body colour {adaptive celouration).
(2) ﬂhsence of neck and tail {hflps in sw:mu:lmg}l

(4) Up and down movements of T.I:I.E‘ Hoor of the b 'r;a
moverments, .

(5) Distinguish between male and female frogs by copu

For detailed external morphology take a frog freshly kille T chloroform vapour,
Draw a lateral or dorsal view of the frog. Examine and note the following ;

(1) Size—Rana rigring measures 12-20 cm. in length.

(2) Shape—Roughly it 1s on triangular plane and adapted for swimming,

ca.":flt!,-'.-;.s'h win
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(3) Texture—Skin is smooth, moist and slippery.
(4) Colouration—The dorsal skin is green or olive coloured with dark patches, while

ventral is whitish,
(5) Divisions— Bady is divided into two regions—head and trunk.
Head—Note the following structures in the fiead whichk is conical and having blunt snoui
(a) External nares—These are two small openings lying near the anterior tip of snout.,
(b) Eyes—They are the most distinct parts of the head, Each cye is large, bright,
protuberant, having golden iris apd black rounded pupil. Each eye has an
upper large and stationary eyelid and a lower small mobile evelid.
(c) Nimiﬁ.tlng membrane—The upper part of lower eyelid forms a transpareat

nictitating membrane.
(d) Tympanum or tympanic membrane—It is in the form of a circular arca found

posterior to each eye. [t forms externil boundary of the middle ear. The

external ear is absent in frog.

(e} Voecal sacs—Found in males only under the head.
Trunk—[t forms major portion af the hody. Note the characteristic raised hump. Trunk

contains anterior forelimbs and posterior fhined limbs.,

(a) Forelimbs—Each comprises of upper arm, forearm and hand containing wrist, palm
and four digits provided with copulatory and articular pads.

(b) Hind limbs—These are folded at rest and each comprises of thigh, shank and foot.
Foot is made up of ankle, sole and five digits.

MUSCULAR SYSTEM

Remove the skin of the dorsal surface and note deltoid, triceps femoris, sartorius,
adductor magnus, gracilis major and minor, gastrocnemius, tibialis posticus, extensor Cruris,
tibialis anticns, rectus abdominis, external oblique, pectoralis and mylohoid muscles.

BUCCO-PHARYNGEAL CAVITY

Open the mouth of the frog as miuch as vou can and note the variows struciures in the

bueca-pharyngeal caviry.

Month leads into buceal cavity, which is not sharply divided from pharyngeal cavity
behind and hence they form common bucco-pharyngeal cavity formed by upper
and lower jaws.

Maxillary teeth are found in single row in the upper jaw.

Vomerine teeth are found on the roof of upper jaw as two patch-like structures.

Internal mares are found anteriorly in the mouth cavity as two small openings.

Eye-balls bulge in from the roof of the upper jaw as two hemispherical structures.

Openings of the Eustachian tubes are in the form of two circular openings found at the
rear of the buccal cavity.

Tongue is long and bifid, attached anteriorly and free posteriorly.

Gullet is found between two jaws and another opening called glottis s found below

the gullet.
Vocal sacs dre found in males having two lateral openings into the mouth cavity.

GENERAL ANATOMY
. Procedure—Kiil the frog with chloroform vapours and lay it on its back in dissecting
dish. Wash the frog, pin the limbs and press on the pins with the base of the forceps. Add



Dissections f 253

i head Y EAIT rastrill

mauth L3 -

nlczitacing membrane

urmpanum

fingers

: s w7 manus

gL A kil fore arm
LR :q.

F upperanm

fareliimb

dorsal plicag

s nbflquu
hindlimb r;:::l.u
abdominis

:hrgh

tiblalis
_5h=m-h. anticug

B[RRSO
eruris

ol ared ankle
bt gibials posticus

pes af fool

Fig. 7-7. Frog (Rana tigrina). Fig. 7-8. Frog{(Rara tigrima).
External] features in dorsal view, Dissection of moseles.

Water in the dish so that frog is completely submerged. Lift the abdominal skin with tie forceps
and malke a mid-longitedinal incision Sram cloacal region up o the xiphoid cardilage ond the
pectaral girdle. Cur the skin of thighs o expote the museles,  Students generall) cut or
Pihcture the anrerior abdominal vetn, for which make two incistonsy on the sides af the abdominail
skin. Ligature rhe anterior abdomingd veirt near the thishs and ar its entrance inte the liver and
then cur Between e ies.

Exarnine and draw general viscera, Note thar afl the organs are connected by thin
Membranes called as mesenteries.  Study ruisculare; lungs, houart, liver, gall bladder, stomach,
(testine, spleen, kidneys, fai-badies. tesies in male, ovaries and ovidicts in the female ang
Urinary hladder.

Digestive system—The inlet and owotlet of the alimentary capal ore mouth and
¢loaca, The mouth opening leads into the bucenspharyngeal cavity which is followed by
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Fig. 7-%. Frog { Rana figring).
Dissection of boccal cavity and general anatomy (male frog).

a short cylindrical oesophagus. The oesophagus opens into the stomach, which is muscular
curved lying on the left side of the abdominal cavity. Tt has cardiae and pyloric ends, The
stomach opens into the intestine which comprises of small intestine and large intestine. The
small intestine is called as flewrm and is thrown into several loops bound by mesenteries. The
large intestine is short and straight and consists of the recrum which extends backwards and
opens into the eloaca. The wrinary bladder also opens into the cloaca, The accessory glands
consist of liver having two uncqual lobes. The two Jobes are connected together by a median
lobe or fsthmus. The gall Bladder lies between the two lobes. The hepatic ducts from the
liver and eystic ducts from the gall bladder unite to form the common bile duct, which pierces
the pancreas and accompanics the pancreatic duct to open with it into the duodenum by a
short common feparo-pancreatic duet near the pyloric end of the stomach.
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CIRCULATORY SYSTEM

The circolatory system of frog comprises of three units—(a) a pumping
(b) the distributing vessels or arteries, and (¢) the collecting vessels or vefns.

A. Heart

femove pericardium to study the heart.

The heart is S-shaped, triangular, conical and highly-muscularised organ with broad
anterior and narrow posterior regions. It is three chambered, containing two auricles above
and a conical ventricle below. The dorsal side of the heart is characterized by pulmonary

veins, post-caval vessel and a reduced thin-walled sinus vemosus, The ventral side contains a
tubular rruncus arreriosus.

B. Venous System (Veins)

Procedure—Take preferably a fresi ly-chiaraformed and killed froz. PEin in the dissecting
dish and open it with veniral surface upwards. The veins, in the dissecting or operating position,
lie above arteries. Don't pull unduly skin eovering the thorax to the puiside 3o as not to damage
the musculo-curaneous veing. Separate the anterior abdominal vein, tie fr ar both the ends and
cut it in between. Separate alimentary canal from neighbouring organs by curting mesenteries.

For renal portal system—Dissecr the frog in the usual way, Separate the anterior
abdominal vein and keep it intact. It is formed by the union of two pelvic veins [ying in the
anterior part of the pelvis. Try to separare the two pelvie veins from the thigh muscles by gently
pulling rhe anterior abdeminal vein forwards. Remove the vasiug inrernus muscle lying on the
guter side of the thigh te expose femoral vein. By scalpel eut through the pubic symphysis
between the iwo thighs in order to expose the cloaca and twe seiatic veins.

De-oxygenated blood from all parts of the body is collected by the following veins—

Pulmonary veins—These collect oxygenated blood from lungs and openinto left auricle.
The blood from rest of the viscera is poured into the sinus venosus which. in turn, opens into
the right auricle by a sinu-auricular aperture.

Caval veins—The 3 caval veins are ;

(1) Pre-cavals—Two pre-cavals collect blood from anterior part of the body. Each pre-caval
comprises of—

(1) External jugnlar—It divides into two veins. The lingual vein collects blood from
tongue and floor of the mouth, The mandibular vein collects blood from lower jaw.

(ii) Innominare—It also divides into two veins. The fnternal jugular collects blood from
brain and orbit, while suf-scapular collects blood from shoulder and back arm.

(iii} Subelavian—It has two branches. The branchial collects blood from the arm. The
musculo-curaneous collects blood from muscles, abdomen and mucous membrane.

(2) Post-caval vein—It receives blood from legs, kidneys, gonads and liver. It comprises of
the following vessels :

(i) Femoral vein—-It collects blood from outer side of the leg.

(1i) Seiatic vein—It collects blood from inner side of the leg.

(iii} Renal portal system—Femoral vein divides into a renal porral vein and a pelvic vein.
The sciatic vein joins with the renal portal vein, which runs on the outer side of
kidney and enters kidney to break into several capillaries. The -capillaries on
emergence from kidney form 4 or 5 remal veins, The renal veins of two sides unite
with post-caval vein. The double system of blood filtration, one in leg and another
in kidneys, is called renal porral system, The renal portal vein also receives the
dorso-lumbar vein, which collects blood from the back muscles.

The two pelvic veins unite 1o form an anterior abdominal vein, which opens into the
left lobe of the liver

organ or heary,
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Fig 7-10, Frog (fana rigring), Venous system.

(iv) Gonadial veins—Each vein collects blood from a gonad and receives o small branch
from the kidney., The gonadial veins join with the post-caval vein,

{(v) Heparic veins—A pair of these, from the liver, joins with post-caval vein,

{vi) Hepatic portal system—This system comprises of veins which collect blood from thle
alimentary canal and communicate with the large heparic portal vein. A gasivic vein
collects Blood from stomach, an fnrestinal vein from intestine, a dwodenal vein from
dusdenum, a pancreatic vein from pancreas, and a splenic vein from spleen.

C. Arterial system

The arteries distribute the oxygenated blood to various parts of the body.

Procedure— Dissect the freshiy-killed frog as uswal. Separate and tie botlh the ends . of
the anterior abdominal vein. 'Sﬁ,-'_,ﬁ ihe n.!‘}'.utem::rry carral to feft hand side and pin it on the
dissecting dish, Keep all the mesenteries intact. Tie the anterior vena cava. Lift the heart
vertically, the anterior vena cava is seen on the dorsal side of the heart evossing over the three
aortic arches of the same side. [Insert afine thread on the anterior vena cava and after encircling
it tie with the thread. Cui this vein a little ahead of the tied portion. Cut the pubic symphysis
between the two thighs in order to expose the iliac arteries.  Follow the branches of the truncis
arteriasus.

The truncus arferiosus divides into two branches and each branch on each side gives
rise to three main vessels ;
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Fig. 7«11, Frog {(Rana tigrina), Arterial system.

(1) Pulmo-cutaneous arch—I1t divides into two arteries—
(i) Pulmonary artery—1It supplies to lung in which de-oxygenated blood ia carried.
(1i) Cutancous artery—It supplies to skin and buceal cavity.

(2} Carotid arch—It divides into two arteries—

(1} External carotid—1t supplies to tongue and hyeid.

(ii) Internal carotid—Tt has a swollen carotid labyrinth and supplies to orbit and brain,

(3) Systemic arch—The two systemic arches encircle around the heart and join together to
form the dorsal acria.

Each systematic arch gives the following branches :

(1} Cesophageal arfery—It supplies to oesophagus,

{11} Occipito-vertebral arrery—It supplies to head, backbone and spinal cord.

(iti) Subelavian artery—It supplies to shoulder and arms,
The dorsal aorta proceeds backwards and gives the following vessels :

(i) Coeliaco—mesenteric arterp—It divides into two, The coeliac arfery supplies to
stomach by gastric arrery and to liver by fhepatic artery, The anterior mesenteric
vessel has 4 branches—a ::’:!FJHHHHI .Su pp!}'[ng to duodenum, a splenic supplying to
spleen, an jnrestinal supplying to intestine, and a POsterior mesenferic supplying 1o
large intestine.

(1) Genadial ariery—It supplies to gonad,

{11} Renal arteries—Theysupply to kidoeys,
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(iii) Pelvic artery—It supplies to urinary bladder.
{iv) Iliac arteries—Each iliac divides into two—a femoral artery supplying to outer side
of the leg, and a sciatic artery supplying to inner side of the leg,

URINOGENITAL SYSTEM

1. Procedure—Dissect the frog as uswal, Separdre the alimentary camal from oesopldgus
up to the réctum by cutting mesenjeries and also eur pubic symphysis 1o expose the cloaca.

2. Male frog—The urinary and genital organs function together.

The nrinary system consists on each side of the following :
(i) Kidney—It is clongated and dark-red coloured with notched edges.
(ii) Urerer—It arises from outer side of kidney and opens into the cloaca.
(ili) Seminal vesicle—It is formed by the dilation of ureter below Kidney.
(iv) Adreital gland—Ventral surface of each kidney has this yellow coloured, elongated
gland.
(v) Urinary bladder—TIt is a bilobed and thin-walled sac, opening into the floor of the
cloaca.
The genital system comprises of :
(i) A pair of testes— Attached to anterior kidneys by mesorchium.
(ii) Fat bodies—Finger-like bodies atttached to each testis,
(iii) Vasa efferentis—About a dozen sperm ductules arise from each testis and communi-
cate with collecting tubule of kidney, which opens into the ureter.

3. Female frog—The urinary and genital systems function independently and without any
communiceation with each other. The urinary system is like that of male frog except
that there is no dilation of the ureter in the form of seminal vesicle. The genital
system is on bilateral pattern, On each side it comprises ol
(i) @vary—Each ovary is lobulated and attached to the kidney by mesovarium,

(ii) Ostium—1It is funnel-like opening into coclom.
(iii) Cviduer—The ostium leads into a coiled oviduct.
(iv) Ovisac—It is found by posterior dilated oviduct. The ovisac opens into the cloaca,

CRANIAL NERVES

1) pairs of these nerves originate from crapium and innervate various organs as
illustrated by the following chart :

No. Name of the Nerve Origin of Nerve Type Innervation
I. Olfaclory From olfactory lobe, Sensory Masal sac epithelivm.
I, Optic From mid-brain ventrally. Somatic sensory. Retina ol eye.
1. Ocolomotor From floor of midbrain. Somatic motor, Eye muscles.
IV. Pathetic Between optic lobes Somatic motor Eye muscles.
and cerebellum.
V. Trigeminal— From medulla. - %
It has 3 branches :
(i) Ophthalmic = Somatic sensory. Skin and snout.
(i) Maxillary £ Somatic sensory. Skin and upper jaw.
(iii) Mandibular 1 Visceral motor. Muscles of lower jaw.

¥I. Abducens From floor of medulla,  Somatic motor  Eye muscles,
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cardiae of X
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rrandibularis of W laryngeal of X
hyomandibularis of VIl Zlassopharyngeal IX iaryngo-trachesl chamber  hypoglossal or | spinal nerve
Fig. 7-14, Frog{Rana tigrird). Dissection of craniol nerves.
No. Name of the Nerve Origin of MNerve Type Innervation
VII. Facial— From medulla. - =
It has 2 branches :
(i) Palatine — Visceral sensory. Roeofl of buccal cavity,
(i) Hyomandibular - Visceral motor. Tongue, lower  jaw
muscles and face.
VIII. Auditory From medulla. Somatic sensory, Internal ear.
IX. Glossopharyngeal From medulla, Mixed nerve. Tongue and pharyngeal
wall,
X. Yapus From medulla, Mixed nerve. General viscera.

LIZARD (L/romastix)

EXTERNAL FEATURES
Take a freshiv-killed specimen amd examine the external characters. Uronsasiix i
commionly called st Sanda'.
1. Size—It measures 20~30 em. in length.
2. Shape—Typically lizard like,
3. Division—Body is covered by epidermal scales and regionated into head, neck, trunk
and tail,
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Fig. 7-15. Lizard {Uromasiix), Exlernal features

4. Head—It is emall with a short snout and contains the following structures:

(a) Nostrils—The tip of the snout contains two large nostrils. ; :

(b) Mouth—It is a large opening, guarded by upper and lower jaws which contain
cutting teeth, one in former and two in latter.

(¢) Eyes—Eves have two movable eyelids and a nictitating membrane. _ .

(d) Openings of external ears—Behind the eyes there are two sunken p:lts_ marking
openig of external ears. Below each pit is a Lympanic membrane, which shows
beginning in reptiles of external auditory meatus.

8, Neck—It is short. 1 . .

6. Trunk—Itis elongated forming major part of the body. It contains 2 pairs of |1_mh51—
fore and hind limbs., They are short and primitive and project Jflfm“F ending
five digits. Each digit contains a horny claw. The thigh region im males mnt?ms
12-18 pores of femoral glands on ventral surface. These glands 1:u_r-:::-:lucc: a secretion,
which hardens into temporary spines. The spines are used for holding female dumng
copulation. Lo ! .

£ Taf.l‘-pThe portien of the body hehind cloaca is called tail. The tail is thick and contains
about 27 rows of transversally arranged spiny scales.

8. Penis—The cloaca has a pair of copulatory hemipenes.

ARTERIAL SYSTEM : s

Procedure for dissection—Take ﬂ_j"rf.;ﬂrf}'-ﬂ.:m'e:f Uromastix wirhﬁ Crrfﬂrﬂjﬂrﬂlj wash i in
water and lay the lizard on fts back in the dissecting dish. Pin the limbs of the lizard. Cover
the dish with warer, Make a ;nugl'rm{j.lm! fncistorn through tie ventral body wall _ﬁ'ﬂm the elpacal
aperture up fo the fip of the snout, Cul (he steraum and the ,uec'mrt?.l' gfm’fe‘_ Alsp make four
cufE, Iwo a Hitile posterior (o _ﬁ;rﬂ.’r’n!ﬁs and {wo  opposite the hind 1imbs. : ..le ”JEJIFTHP-E Df the
skin by pins. Cuf very carafully the conngciing nmembranes so ':_15 nar to infure any organ ﬂllﬂ-.’f

Blood vessels. Cut the perfcardium and trace the blood vessels first yeins ard then arteries.

The blood is distributed to all parts of body by the following arteries ;

1, Pulmonary arterics—The pulmonary aoria originates from the right side of the ventricle
and it divides into two pulmonary arteries, cach going into a lung. They carry impure
blood to lungs.

2, Systemic arches—The truncus arteriosus divides into right and left systemic arches,

Right arch originates from the left side of the ventricle and left arch from the right side.
Systemic arches give various arteries.
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Fig. 7-16. Lizard (Cromasrix).  Arterial sysiem.

(i) Innominare ariery—1It originates from the right systemic arch, which divides into the
right caroiid and left carotid arteries. Each carotid divides into an internal carotid
and an external carotid.

(ii) Ducrus caroticrs—It joins the interpal carotid artery with systemic arch of its
sides,

(iii) Subelavian artery—It originates from the right systemic arch and divides into
right and left subclavian arteries which supply to arms. A verfebral branch from
right subeclavian supplies to vertebrae,

3. Dorsal aorta—The right and left svstemic arches unite together forming dorsal aorta,
which proceeds backwards to supply by several arteries to viscera.

(i} Oesophageal artery (0 oesophagos,

(il) Paired gaseric arteries to stomach,

(iii} Coeliac arrery to stomach and spleen,

(iv) Pancreo-hepaiic artery 1o pancreas and liver.
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Lizard {Lromastix). Yenous sysiem.

(V) Anterior mesenteric artery to ileum. (vi) Posterior mesenteric arfery to caecum,

(vit) Ganadial artery to gonad. (viii) Cloacal arteries to cloaca,
{x) Caudal artery to tail. (xi) Hiac arteries to legs,

(ix) Renal arreries to kidneys,

VENOUS SYSTEM
The bloed from the entire body is collected by the following veins ;
A. Pulmonary veins—Collect oxygenated blood from lungs. They unite and open into
the left auricle,
B. Pre-caval veins—Each pre-caval vein collects blood from the anterior end, by the
following veins :
1. External jugular—Collects blood from neck,
2, Internal jugunlar—Collects blood from head,
J. Subclavian—Collects blood from the arm.
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Note thai there is no external jugular on the left side and left pre-caval conrains only

internal jugular and subclavian. The two pre-cavals enier the bilobed sinus venosus.

C. Post-caval vein—The blood from the pesterior region is collected by post-caval

vein, which pours bloed into the sinus venosus. The posterior veins are—

(1) Caudal vein—Collects blood from tail.

(2) Renal portal vein-The caudal vein divides into kidney to form renal portal veins.

(3) Femoral vein—Collects blood from outer side of leg.

(4) Seiatic vein—Collects blood from inner side of leg.

(5) Tliac vein—It is formed by the union of femoral and sciatic veins.

(6) Pelvic vein—On each side renal portal and iliac veins unite to form a pelvie vein.

(7) Anterior abdominal vein—The two pelvics imperfectly unite together to form
anterior abdominal vein, which opens into the left lobe of the liver.

(8) Renal sinus vein—The capillaries in the kidney unite to form renal sinus veim,
which extends forwards as efferent renal trunk.

(9) Post-caval vein—The two efferent renal trunks unite together below gonad and
form the post-caval vein. The post-caval vein, after receiving a wide hepatic vein
from the liver, iz continued upwards and opens into the sinus venosus.

(10) Hepatic portal system—It iz formed by the following veins—
(i) Gastric vein from stomach.
(i) [frrestinal vein from intestine.
(iii) Duodenal vein from ducdenum,
(iv) Splenic yein from spleen.
(v) Panereatic vein from pancreas.

These veins unite to form the hepatic portal vein, which joins with abdominal vein and

enters the liver, where it breaks into capillaries forming hepatic portal system.

ROCK PIGEON (Culumba livia domestica)

EXTERNAL FEATURES
In order to study external morphology. take freshly chloroformed pigean. MNote that
entire body, except the beak and feet, is covered by feathers. Body is regionated into head,
neck, trunk and raifl. The size and colour of the body vary in different specics and varieties.
{1) Head—It contains several stroctures—
(i) Beak or kill—It is strong, horny, straight and pointed. At the base of the beak is
a naked swollen portion of sensitive skin called cere.
(ii) External nares or nostrils—These are obliguely situated in the cere.
(iii) Eyes and eyelids—Each eye is. large and surrounded by wupper evelid, lower eyelid
and a mictirating membrane.
{iv) External auditory aperture—It is posterior to cach eye and is covered by backwardly
directed feathers, the auriculars.

(2) Neck—Tt is long, fcxible and S—shaped.

(3) Trunk—It constitutes major part of bedy. It is divided into a large fhorax and a small
abdemen. The thorax is strengthened ventrally by the large sternum, from which
projects caring or keel. The keel is seen and [elt as a prominent ridge. Trunk contains
2 pairs of limbs,
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Fig. 7-18. Rock pigeoen (Culutiba livia domestica), FExternal featores.

(i) Forelimbs—These are modified into wings. Each wing is divided into the upper
arm, forearm and hand. There are two alar membranes. One 15 pre-paiagiwn, which

cxtends between upper arm and forearm and the other is called posi-patagium which
is smaller, extending between the upper arm and trunk,

(i) Hind limbs—They support the body and are modified for bipedal locomotion. The
_ hind limbs contain horny scales and each digit has a horny eclaw,
(4) Tail—The region behind cloaca is called tail. The dorsal surface of the tail containg g

uropygial gland secreting oif. Squeeze this gland and note oil oozing from it. The oil
i5 used to dress or preen its feathers.

(3) Feathers—Feathers cover more or less the entire body. They are of three kinds—
(i) Contour feathers—They cover the surface of the body. The strongest contours are
the quiil feathers. The quill feathers of wings are called remiges and of tail ag
rectrices.  The remiges atlached to bones of hand are called primaries and to ulna

as secondaries. A small bunch of feathers is attached to the first pre-axial digit
called ala spuria or bastard wing.

The axis of the quill feather is divided into naked ba
rachis or shaft surrounded by the vexillum or vane

arranged barbs on the two sides of the rachis, The barb carries two rows of barbules
arranged on both sides. Barbules of adjacent barbs are fastened together by hooks,
(ii) Hair-feathers or Filoplumes—These are very thin, hair-like and degenerate feathers,
situated at the base of the contour feathers.
(1ii) Down feathers—They
on the barbules.,

sal calamus or quill and upper
. The vane contains ebliguely

are found below contour feathers and do not contain hooks
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GENERAL ANATOMY
Procedure—Cuy  longitudinally
the abdominal wall from the cloaca.

By strong scissors make a cut through
the sides of sternum along its aftach-
ment fo the ribs and lift the stermum
wWith the fingers, so as not to infure the
internal organs. Disarticulate the cora-
coids from the sternum and also cut
the furcnla ar the two clavicles. The
sternum can be detached to expose fully
the underlying organs. Draw  ihe
diggram of the organs seen in sit.

(1) Bucco-pharyngeal cavity—

(i) Horny beak—It encloses the
front parts of upper and
lower jaws.

(ii) Imrernal nmares—These are
slit-like openings, lying close
together in the roof.

(i1i) Eustachian opening—It is a
single aperture [ound just
behind the internal nares.

(iv) Tomgue—It is triangular and
pointed.

{v) Glortis—It lies posterior to
theftonguoe.

(2) Digestive Sysiem—

(1) Oesophagus—It is large, wide
and clongated, It extends
through neck dorsal to the
trachea and forms a crepin
the middle.

(it Stomach — The oesophagus
opens into the stomach, [t

Pracrical Zoology ; Fertebrate
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Fig, 7=1%, Rock pigeon. Diizssection of general anatomy.

comprises of a small digestive proventriculus and a large mechanical gizzard which is

highly muscular.

(iii) Imtestine—Stomach leads into the intestine, which is differentiated into the duodenum,

ileurn and recfum.,

(iv) Associated glands—These comprise of fiver, pancreas and spleen,
(3) Respiratory system—It consists of—
(i) Upper larynx—It opens into the pharynx by glottis,
(ii) Trachea—It is sitvated ventral to the oesophagus and is supported by partially

ossified rings.

Insert a blow pipe in frachea and inflate the air sacs

examing the following air sacs

The trachea leads into lungs and air sacs by bronchii,

Tie a thread in trachea and
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Fig. 7-20. Rock pigeon. Dissection of flight muscles on the right side of the body.

Cervical air sacs—Two, found at the base of the neck,

Interelavicular air sac—It is a single air sa¢, found between the two clavicies.
Anterior thoracic air sacs—Two in number, covering the ventral surface of the

anterior parts of the lungs.

Posterior thoracic air sacs—Two in number, lying on the posterior parts of the
lungs.

Abdominal air sacs—Two in number. These are the largest and found dorsal to
intestine, ;

FLIGHT MUSCLES

Procedure for dissection—FKill the pigeon by chloroform.
plucking them. After complete defeathering, lay the pigeon on its back on the dissecting dish.

~

rr

Remave the feathers by

Make a longitudinal incisfon in the skin from the cloacal aperture up to the lower beak. From
the ends of the longitudinal incision cut the skin along the wings and pin up the flaps of skin or
remove it by cutting.  Also cut through the origin of pectoralis major by the side of keel, the
posterior edee of sternum and the clavicle and free it from the underlying muscles. Study the
Jollawing flieht museles

(1) Pectoralis major—It originates from whole of the keel from the posterior part of the

(2}

sternum and clavicle,
Pectoralis major lowers the wing during flight.
pectoralis major muscle and see how the wing 13 lowered,
Pectoralis minor—It overlaps the pectoralis from the dorsal part of the keel of sternum
and the inner part of the ventral surface of the sternum. The rendon, formed by its

Its flat tendon is inserted on the deltoid ridge of the humerus,
Hold the pigeon in your hand, pull the
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fibres, passes through the foramen triossewrn and is inserted on the dorsal surface of the

humerus.

(3)

Peetoralis minor raises the wings.
Coraco-brachialis longus and coraco—brachialis brevis—They originate from the

coracoid and scapula and are inserted on the head of the humerus, to rotate the wings

in glenoid cavity.

(4)
(3}

tensely stretched doring flight.

Tensor longus, tensor brevis and fensor accessorius —These hold the pre-patagium

Tensor posterioris alae—It keeps the post-patagium tensed.

Other muscles associated with the flight are flexor carpiulnaris, extensor carpininaris,
pronator longus, pronater brachioradialis, extensor earpiradialis and biceps.

PERCHING MUSCLES

Nate peroneuy brevis, peroneus
fibualaris, ilio-tibialis and sarforius, erc.

sciatic marve

lagaral ligament
of knee

ilic-fibulariz

ischip-flaxoricus

FASCroCNEmils peronsus longus

tiblo-tarsius peroncus brevis

tarso=Mmeo Eararsus
flexar cendan.

N
flexors of proximal
phalanges ‘_‘_;:?‘T_‘-k}i
flexors of diszal phal:l.nges,f”j/

Fig. 7-21. Rock pigeon. Leg showing
dissection of perching mechanism.

VENOUS SYSTEM

Procedure— Remove the peri-
cardinm and also ent away the fat and
connective tissues at the base of the
heart to cxpose the heart and blood
vessels.

Heart—It is four-chambered,
consisting of ywo awricles and fwe
Vertricles.

Yeins—The blood from all
parts of the body is callecied by the
Tollowing veins ;

laneus, flexors, sastrocnemivs, isehioflexorius, ilio-

Eraniverie anastomosks

of Jugular
left jugular
right jugular
lefc precaval
brachial />/ wing
pulmaonary
pectoral heart
hepatic
postcaval N hepatic
portal
hepatic
eplgastric
temaral pEe
iliac
Sclatic
kidney
renal
COCCygec-
| i h . % 4 mesenteric
renal porta b ‘
Interpal iliac caudal

-

Yenous system.

Bock pigeon.

Fig. 7-21.
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(1) A pair of pulmonary veins—Two in number, They bring oxveenated blood ]‘m.m the

lungs into the left auricle.

(2) A pair of pre-caval veins—Each pre-caval is formed by :

(a) Jugular vein—Collects blood from the head. The right and left jugular veins unite
in the neck by the fnter-jugular transverse anasiomaosis.
(b) Subclavian vein—It receives a branch, the brachial, from the wing and a very
large pectoral vein from the flight muscles.
(3) The Post-caval vein—It collects blood from the posterior part of the body and
comprises of the following veins :
Caundal vein—Collects blood from the tail.
Renal portal or hypogastric vein—The caudal vein bifurcates into two renal portal
veins, which pass over the kidneys, [Each renal portal vein receives—
(i) Internal iliac—Collects bleod from the pelvic region.
(ii) Renal veins—From the kidney.
(iii) Femoral vein—From the outer side of the leg.

(@)
(b}

(e)

(d)

(iv) Selaric vein—From
the inner side of
the leg.

Common iliac
The above veins and
renal portal wvein on
each side unite to form
a common ilige vefn.
The commen iliac veins
of two sides unite
together to form the
post-caval vein, which
receives a hepatic vein
from the liver and
enters directly into the
right auricle.
Hepatic portal vein—
It collects blood from
the intestine and it
also receives a branch
from the caudal vein
called coccygeo-mesen-
terfe vein. The hepatic
vein also recéives an
epigasiric vein from the
peritoneum.

vein—

ARTERIAL SYSTEM

The

following  arteries

supply blood to various parts of
body, Conus arteriosus and ventral

aorta divide to form pulmonary
dorta and right systemic arch.

external carorid

internal carotid

common. carotid
right subclavian

pulmonary aorta

brachial

i;, = pectoral
right l’?
Innominate wing
precaval

left auricle

right auricle

postcaval left ventricle

dorsal aorea

right coeliae
vantricle
anterior

Mmetentarje
femoral
stiatic
lefe Lid ney

anterior renal

middle renal
posterior renal

internal iliac
caudal

Posterior
Fesentieric

Fig.

7-23. Rock pigeon. Arterial system.,
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(i) Pulmonary arferies—The pulmopary aorta divides into two pulmonary arteries, which
carry deoxygenated blood to lungs, one on each side.
{Z) Right systemic arch—1In birds only right systemic arch persists in the adult, [t originates
from the left ventricle and gives several arteries : : ;
{a) A pair of innominate arteries—On each side, tight systemic arch gives an innominate

arfery which gives two branches—

(i} Carotid artery—It extends upwards and divides into external carotid and internal

earotid to supply to the head.

(i) Subclavian artery—It divides into brachial artery. which supplics to the wing and
pectaral artery, which supplies to the pectoral muscles of the ilight,
(3} Dorsal aorta—The right systemic arch bends over the heart and continues to posterior
end as dorsal aorta, giving the following arteries—
(a) Coeliac artery—It suplies to stomach and liver.

(b) Anterior mesenteric
supplies to small intesting.

(c) Renal arteries—They supply to
kidneys.

(d) A pair of femoral arteries—They
supply to outer side of legs.

(e} A pair of sciatic arteries—They
supply to inner side of legs.

(f) Tliac arteries—They supply to the
hip region.

{2) Posterior mesenteric artery—It
supplies to the large intestine.

(h) Caudal artery—It supplies to the
tail.

RAT (Rattus rattus)

EXTERNAL FEATURES

The rat is a typical mammal due to
the presence of mammary glands and bairs.
Rat is also a guadruped because all the
four limbs touch the ground.

For external fearures first kill the
rat with chloraferm and then immerse it
fna sofution of lyvsol or any aniiseptic
Lay the rat in a dissecting dish
Note the

solution,

with veniral surface upwards.

Sfollowing struciures :

Size—About 25 em. including tail.

Shape—DBody is elongated and brownish
in colour,

Divisions—Entire body is regionated inlo
the head, neck, frimk and rail.
The hairs or pelages cover and
protect the entire body.

artery—It
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Fig. 7-24 Rat (Rettus vartus).  External festores.
A —Female rat in venleal vies,
B—Felvic region of male rat in ventral vicw,
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Head—The head is elongated and somewhat conical in shape, tapering anteriorly to terminal
nose. Head has the following structures—

{1} A pair of nostrils or nares—They are found in front of the nose and lcad into the nasal
passapges.  MNostrils can be closed under water,

(ii) Hair lip—A cleft is found below the nostrils in upper lip and it exposes the two upper
incisors.

(iii) Mouth—It is found in a sub-terminal position of the head and leads into the bueccal
cavity.

(v} Teeth—There are 4 incisors and molars. Canines and pre-molars are absent,

The two front incisor teeth are long and they grow throughout the life of rat. These
are cutting teeth and form characteristic feature of the order Rodentia to which rat
belongs.,  The incisor teeth are self=sharpening and chisel-like.

(v) Eyes—Two, one on each side. The eyes are small. Each has evelids and a portion
Of cornea somewhat protrudes through the eyelids to give side vision. The external
evelid has lacrymal glands, the secretion of which keeps the eye moist. A nictitating
Membrane is attached to anterior cornea of cach eye.

(vi) External ears or pinnac—These are found on the postero-lateral area of the head.

Neek—1It is a short region connecting the head to the body or trunk.

Trunk—It contains theracie, abdeminal and pelvic areas. In females, one pair of thoracic
nipples, 2 pairs of axillary nipples, one pair of abdominal nipples and 2 pairs of
inguinal nipples are seen on ventral surface. The urethral opening, vulval opening
and anus lie close together in pelvic region. In males, there are two large testes in
the seroral sacs.

The trunk region also contains forelimbs and hind limbs.

Tail— It acts as 3 balancing organ. At its beginning it contains small overlapping vestigial

scales,

GENERAL ANATOMY

Procedure for Dissection

(1)  Kill the rar with chleroform, immerse it in any antiseptic solution and lay it on i3
back on the dissecting board. Fix the limbs with pin.

(2) Makea longirudinal slit in the skin from the pubic symphysis to the tip of the snout
and malie fransierse cuers at the ends of longitwdinal enr.  Separate the skin from the muscular
body wall. They are conmnected rogether by loose subcuraneous connective tissuwe. Note the
Fresence of mammary glands in the female, Make a longirudinal incision in the abdominal wall
from the pubic syniphysis fo xiphisternum, cut parallel to the ribs on both sides and reflect the
abdominal wall, Dissect neck region to expose the blood vessels and nerves. Expose and see
various glands and organs.

(1) Digestive system—It consists of 2

(i) Mouth—1r leads into the buecal cavity, which contains teeth apd tongue.

(ii} Pharyex—It is a chamber between the mouth and oesophagus. It acts as a common
rassage for fcod and air. It channels food into the alimentary canal and air into
trachea through glottis

(iii) Oesophagus—It is a short tube, found just below the wind pipe.

(iv) Stomach— Oesophagus leads into the stomach, which ;s peat-

shaped and divided mnto
cardiac and pyloric parts.
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(v} Intestine—Stomach leads into small
intesting, which is divided into
duodenum, jejunum and cileum,

Colon arises from the junction of
the small intestine and large
intestine. The first part of colon 1s
called as caecum, while its terminal
end is called as vermiform appendix.

(vi) Rectum—The large intestine or
rectum opens to the exterior by
anus.

(2) Associated glands—

(i) Salivary glands— Three pairs of
these are found in buccal cavity.
They secrete saliva.

(ii) Submaxillary salivary glands—The
largest of three pairs are found on
the ventral surface of the neck
from the point of the jaw to the
manubrium of the sternum. Their
ducts open at the base of the
INCISOrs,

(iii) Sublingnal salivary plands— They
are found on the sides of the sub-
maxillary glands and pour their
secretion under the tongue.

(iv) Parotid salivary glands—They are
found behind and below the bases
of the cars on ventro-lateral surface
ol the neck.

{v) Thymus and thyroid glands—These
are endocrine glands.

(vi) Liver—It is composed of four lobes,

{vii) Pancreas—It is also an endocrine
gland, suspended by delicate mesen-
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Fig. 7-25.
Dissection of general anatomy.

teries between the stomach and the duodenum.
(3) Heart—It lies in pericardium and is composed of 2 auricles and 2 ventricles.

VENOUS SYSTEM

The blood rom the entire body is eollected by the following veins :
1. A pair of pulmonary veins—They carry oxygenated blood from lungs to the left auricle.
2. A pair of pre-caval veins—These collect blood from the anterior body. PBEach pre-caval

comprises of :
(i) Jugular vein—It divides into two !

(a) External jogular—It collects blood from lower jaw.
(b} Internal jugular—Tt collects blood from the brain. It joins with external jugular,
(i) Subclavian vein—It collects blood from the forelimb and opens into the pre-caval

vein,
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(i1i) Anrerior intercostal vein—It collects blood from the intercostal spaces and opens

into the pre-caval vein.

(iv) Internal mammary vein—It collects blood from the inner surface of the ventral

thoracic wall.

(v) Phrenic vein—It collects blood from the diaphragm.

3. Post-caval vein—1t collects
blood from the posterior
part of the body by the
following veins :

(i) Caudal vein—1t collects
blood from the tail.

(ii) A pair of iliac veins—
Each iliae vein divides
into femoral vein which
collects blood from the
outer side of the leg
and sciaric vein which
collects blood from the
inner side of the leg.
The two iliac veins
join with the post-caval.

(i) A pair of ilio-lumbar
veins—They collect
blood from the lumbar

TEELOn,

(iv) Posterior mesenieric
vein—I1t collects blood
from the Jarge intestine.

(v) A pair of genital veiny—
They collect blood
from gonads,

(vi) Anterior mesenteric
vein—It collects blood

from the anterior gut.

4. Hepatic portal vein—It com-
Prises of the following veins :

right anterior facial

7
right posterlar faclal £

right cephalic

i

el

el (Lo
l-illll"‘

right brachial

‘I.‘*". L1 ui'lnn.;rrl.-.:lh' e

et
right interna
Mammary

Ly

right anterior
Intercoscal

right anterior
phrenic

F.:u.ter]e.:rr VEMACAYa

L

hepatic
right renal

hepatic portal

anterior
mesenteric

3
Lr— i
e L TR T

right genital

pasterlor
MmesEntaric

right femoral

S

F
=
]
"
Hi
-
H
H
&
)

ar external iliac i H
Y L i il
right sciatic ]‘ H i H
: o r ﬂ__-. 2
internal iliac \E | e
AN R I
xRy i Jl‘z
I
e I el Aoy =aisb
aid U hE
K Yy

-~

o _:_;!.:H
S A

s ..-‘-

left internal jugular

left external jugular

lefe axillary

UL

lefe subclavian

left anterior venacava

left pulmonary
heart

dZy¥os
diaphragm
gastric
[eft renal
splenic

|efc genital
left ilio-lumbar

lefe common
iliac

caudal

lef popliteal

left tibial

o
it o
-

=

-

Fig. 7-26. Rat (Ratiws retius). Yenous system,

(1) Gastric vein—It collects blood from the stomach.

(i) Anterior mesenteric—It collects blood [rom the ileum.

(1ii) Splenic—It collects blood from the spleen.

(iv) Posterior mesenterie—It collects blood from the large intestine.
The hepatic portal vein opens into the liver.

ARTERIAL SYSTEM

Arterics distribute blood to various parts of the body.

First locate the origin of the systemic aorta. It originates from the left ventricle, pagses
dorsal to the pulmonary arch and curves round to the dorsal side of the heart and lies ventral tp
the vertebral column, where it extends backwards as dorsal aorta. The systemic arch
distributes blood to the anterior region, while the dorsal aoria to the posterior region,
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The arteries are :

(13 Pulmonary arteries—They carry de-oxygenated blood to lungs.

FPractical Zoology : Veriebrate

The pulmonary arteries

are given by pulmonary aorta, which originates from the right ventricle and curves over
on to the dersal side of the heart.

(2) Systemic aorla—It gives the
following branches :

(1)

(it)

(i)

(i)
(ii)

(i)
(iv)
(v)
(vi)
(vii)

Innominate artery — It
divides into rtight sub-
clavian and right carotid
arterics. The right sufb-
clavian artery Turther
branches into right cervi-
cal artery, right brachial
artery, right axillary
artery, right wertebral
artery, right radial artery
and the right internal
Mammary artery,
T]‘lﬂ:ffff subclavion arlery
arises  directly  from
the systemic arch and
supplies toshoulder girdle
and arms, Its branches
correspond to the right
subclavian.

The right carotid artery
proceeds forwards along
the irachea and near the
angle of jaws it divides
into the dnternal carorid
supplying to the brain,
and the exrernal carotid,
supplying the right side
of the head and face
The feff carofid arlery
directly originates from
the systemic arch and

|eft excernal earotid

left Internal carotid
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Rig, 7-27. Rat (Rafrus raftus), Arterial system.

has interpal and external branches.

(3) Dorsal aorfa—1It comprises of the following arteries :

Intercosial arteries—They are in several pairs supplying to the wall of the chFEL
Coeliae artery—It pives two branches, The hepatic artery supplies to the liver and

the lfenogasiric artery supplies to the stomach and spleen.
Anterior mesenteric artery—1It supplies to the intestine,
Two gonadial arteries supply to gonads.

A pair of renal arteries supply to two kidneys.

Posterior mesenieric artery—It supplies to the rectum.

A pair af iffo-fumbar arteries—They supply to the body wall.
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(vin) 4 pair of common iliac arteries—On each side, each common iliac originates in the
pelvie region and divides into internal iliae and external iliac, which supply to the
legs, and vesicle artery supplying to the urinary bladder.
(ix) Caudal artery—The dorsal aorta continues into tail as caudal artery.

MALE URINOGENITAL SYSTEM

Procedure— For urinogenital system cut the sides of the pubic symphysis and remove the
cut portion so as to expose the posterior part ef the urinogenital system. This system comprises
of urinary and genital organs.

1. Urinary organs or Kidneys—You have already noted the position of kidneys which are
surrounded by fat. The point of attachment of kidney with ureter is called as hilus,
Also observe and trace the ureter up to the urinary bladder.

Remove one kidney and observe the hilus, through which the ureter and blood vessels
enter and feave, With the help of a sharp scalpel cut open the Fkidney lomgitudinally and note
tive following paris :

The substance of the kidney is differcntiated into an outer rorfer and inner medulla.
The cortex is highly vascular and has a dotted appearance due to the presence of Malpighian
bodies, which consist of Bowman's capsules enclosing glomeruli. The Malpighian bodies are
the terminations of uriniferous tubules, which have coiled and looped course, The medulla
is striated and coniains the non-glandular parts of the urinary tubules, The inner surface of

the medulla projects into the pelvis of the kidney forming the pyramid, on which the tubules
of the kidney open.
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2. Genilal organs—Note the following parts ! .
(i) Testes—A pair of testes is found in the scrotal sacs. The scrotal sacs are a pair of

pouches in front of the anus and between the hind legs. The testis can be exposed
by cutting the scrotal sacs. Each testis is elongated and ovoid body attached to
the hinder end of the s¢rotal sac by a band of tissues called gubernaculum. In the
very infant rat the testes lie in the abdomen close ro the kidnevs and just before
maturity, they descend into the seratal sacs along the inguinal canals.

(i} Epididymis—It is an irregular and convoluted tubz, found along the inner edge of
testis. At anterior end it forms capur epididymis and at posterior end cavda
epididymiz. Cauda epididymis gives rise to vas deferens.

(iii) Vas deferens—Each vas deferens coils round the ureter from the outside before
opening into the urethra behind the urinary bladder.

(iv) Urethra—It is the common duct for urine and sperms opening into the penis,

(v) Penis—It is copulatory organ through which sperms are discharged into the female
genital organ or vagina of the female. The urcthra opens at the tip of the penis by
a slit-like opening. The tip of the penis is covered by loose skin called prepuce.

(vi) Spermatic cord—It is an elongated cord-like structure made up by connective tissue,
blood vessels and nerves, which originate from the caput epididymis and running to
the body cavity through inguinal canal.

(vii) Accessory glands—The following glands are associated with male genital system—
(a) Ampullar glands—The outer end of the vas deferens near the entrance into the

urethra is enlarged into the ampulla, which contains ampullar glands to secrete

THUCUs,
(b) Wesicular glands—They are branched glands originating from the vas deferens

behind the ampulla.

(c) Prostate gland—Tt is a large and Iobulated gland, situated just behind the
junction of urinary bladder with the vasa deferentia.

(d) Preputial glands—They originate from the inner fold of skin forming prepuce.

They sccrete odorous secretion.
(e) Cowper's glands—They originate from the urethra at the base ol the penis. They
produce mucous secretion during sexual excitement and also protect the sperms

from traces of acids found in urethra.

FEMALE URINOGENITAL SYSTEM

1. Urinary system—It consists of kidneys, ureters and wrinary bladder, which are like
those of male. The urethra is an elongated tube running towards the posterior side,
opening separately at the tip of the cliroris.

2. Reproductive system —It has the following parts :
(i) Ovaries—They are a pair of small yellowish, compact structures like pea on outer

sides of the kidneys and are suspended in the body cavity by mesovarium,
(ii) Fallopian rubes—They are coiled and convoluted tubes, Their anterior ends form

oviducal jfunnefs.
(iii) Ureri—The posterior ends of the fallopian tobes become thickened to form uteri.

(iv) Pagina—It is a common chamber formed by the union of the two uteri. It serves
as copulatory chamber, [t opens to the exterior by a slit-like opening called vulva

(v) Clitoris—1It is a4 rod-like structure, found anterior to vulva,
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Fig. 7-2%, Rat (Raffus rattus). Female urinogenital system.

(a) Uterine and vestibular glands,

{vi) Accessory glands—They are found only in the uterus consisting of.

[ 257

(b) Bartholi's glands—These correspond with Cowper's glands of male and are

related to urinogenital passage. _
(c) Preputial glands—These arc large glands opening near

DISSECTION OF THE MUSCLES. ELOOD VESSELS
AND NERVES OF THE NECK REGION

(A) Muscles |

Remove the skin of the neck and note the following m_uscles :
(1) Digastric moscles. (2} Siernohyoid muscles—Hyoid to m
(3) Omohyoid muscles. (4) Massu.-u?r muscles.

(5) Sternomastoid musclus—]‘uiaﬂ].lbrlum to skull.

(6) Cleidomastoid muscles—{:[mimi: to skull,

{(7) Clavotrapzias muscles—Clavicle to skull,

(%) Deltoid muscle—Scapula to humerus.

(B) Blood Vessels and Trachea

the tip of clitoris.

anubrium,

For dissecting the neck region expose the hyoid. Remove hyoid only when dissection o f
the neck region iz completed.

Common carotid arteries—They lie along the trachea.
axternal and inrernal carofid arteries.

Note their divisions into the
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2. Jugular veins—The external and internal fugular veins, collecting blood from skull and
brain, unite with cephalic and subclavian veins to form the pre-caval,

3. Trachea—It connects glottis with lungs. Anteriorly, trachea is dilated into the larynx,
whose walls are supported by thyroid, arytenoid and cricoid cartilages. Note thyroid
gland on either side of the larynx,

C. Neck Nerves
Trace the carotid artery carefully and nore the nerves lying by its side. Expose the
Plesmaogaziric nerves running on ourer side.

l. Vagus nerve—The vapus or pneumogastric is a4 stout nerve containing & ganglionic
swelling at its origin. It runs downwards from the foramen lacerum posterius and
cxtends backwards along with carotid artery in the neck region. )

2. Anterior laryngeal nerve—It is a fine delicate nerve originating from the pneumogastric
nerve from the upper border of the thyroid cartilages. It innervates the mucous
membrane of the larynx. 2

3. Depressor nerve—It is a slender nerve originating from the anterior ]Iﬂ'?"EEEI DEEVE:
It extends backwards along the neck dorsal to the carotid artery and it innervates heart.

4. Posterior laryngeal or recurrent laryngeal —It originates from the Dﬂﬂl}mﬂgﬂﬁt”f’ “Ef ve
Or vagus nerve just above the heart and it extends forwards along the side of the trachea,

3. Cervical sympathetic merve—It is a slender nmerve running between e ‘;ﬂgus ?Fd
depressor nerves, It swells into ganglia both anteriorly l“;“ anterior cervical. Zangtion
and posteriorly into the middle and posterior cervical ganglia.

6. Phtcﬁ?ﬂ ﬂ::“'r'eilt orignates from the fourth cervical nerve and it EKT‘:U‘?E h“dl[wafrd"

along the vertebral column. After passing through the thorax, phrenic nerve gives

several small branches in the diaphragm.

i



Chapter 8

Experimental Physiology

(Colour, Precipitation and Enzyme Reactions of Foodstuffs)

Colour and precipitation reactions of
carbohydrates, fats and proteins, These
chemical compounds include important
foodstuffs and the following chemicals and
glass apparatuses are required for their
biochemical analysis :

A. CHEMICALS

Ether.

Chloroform.

Absolute aleohol.

Oive oil.

Sodium hydrogen sulphate,

Potassiom hydrogen sulphate.

Oeic acid,

Caustic soda,

Alcoholic caunstic soda.

10, Conc. HCI (hydrochloric acid).

11. Cone. H,50, (sulphuric acid),

12. Sodivm chloride.

13. Calcium chloride.

14, Methylene blue 1 per cent.

15. WNaOH saturated.

16. Potassium ferricyanide solution
1 per cent.

17. Copper sulphate 0.5 per cenl.

18. Copper sulphate 1.0 per cent.

19, Fehling's solution.

20. Bencdict's solution.

21. Picric acid saturated solution.

22. Nylander’s reagent.

23, Barfoed’s reagent.

24, MNaOH 40 per cent.

25. Glucose | per cent.

26, Glucose 2 per cent.

27. Phenylhydrazine hydrochloride.

28. Sodium acetate.

29, Acetic acid glacial.

]
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30.
31,
32,
33.
34,
35,
36

37,
38.
39,
40,
41,
42,
43.
44,
45,
40,
47,
48,
49,
50,
31.
52,
=i
54,
=
ah,
30
a8,
39.
60.
1.
62.
f3.
4.
63.
6o,

e=naphthol 1 per cent.
Seliwanol’s reagent.
Ethyl acetate.
Grlucose 002 per cent.
Gilocose 0.5 per cent.
Fructose (.2 per cent.
Fructose .5 per cent.
Lactose 2 per cent.
Maltose 2 per cent.
Sucrose 2 per cenl,
Iodine selution.
Ammonium sulphate,
Tannic acid.

Egg white 5 per cent.

Mercuric chloride (HeCl,) saturated.

Ferric chloride 0.5-1.0 per cent.
Lead acetate.

Silver nitrate AgMNO,.

Barium chloride BaCl.,,
Sulphosalicylic acid 20 per cent.
Eshach’s reagent.

Potassium ferrocyanide solution.
Mercuric sulphate.

Sodium nitrite NalNO,.
Glyoxalie acid reagent.

Sodium hypobromide (NaOBr).
Minhydrin 1 per cent,
Chlorophenol red.

Peptone.

Mercuric nitrate.

Glyeerol.

Magnesium sulphate.
Phenolphthalein.

Potassinm dihydrogen phosphate.
™a-K-tartarate (Rochelle salt).
Bismuth sub-nitrate.

Thymo! alcoholic 5 per cent,
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Some Important Laboratory Reagents

1. Alpha naphthol—Dissolve 1 gram of «—naphthol in 95 per cent alcohol.

2.  Ammonium molybdate—Dissolve 75 grams of ammonivm molybdate crystals in 300 cc
of strong ammonia. Add this solution in 900 cc of conc. HNO, and then add 400 cc
of water, cool and add more 1600 cc of water. Filter.

3. Barfoed’s reagent—Dissolve 133 grams of neutral copper acelate crystals in 200 cq of
distilled water. Filter and add 1°8 cc of glacial acetic acid.

4, Barium chloride—10 per cent solution in water.

5. Rasic lead acetate—Dissolve 180 grams of lead acetate in 700 cc of water,

6

. Benediet’s reagent (Qualitative)—Prepare solutions A and B.
A. Dissolve by heating 173 grams of sodium citrate and 100 grams of anhydrous
sodium carbonate in about 800 cc of water.
Dissolve 173 grams of copper sulphate crystals in 100 cc of water, Cool the

solutions. Add B to A with constant stirring in 1000 cc titration flask and dilute
with distilled water up to the mark.

B,

7. Chromic acid (for cleaning glass apparatus)—Dissolve 60 prams of potassium
dichromate in 300 c¢ of water in a glass trough and then add 460 cc of cone. HS0,.
The mixture becomes very hot. Cool under running water. The liguid is utilized to
clean the glass apparatus.

8. [Eshach’s rengent—Dissolve 1 gram of pieric acid and 2 grams of citric acid in 100 cc
titration flask. Dilute with water up to the mark.

9. Fehling’s solution—(A) Dissolve 7-93 grams of copper sulphate crystals in 100 cc *_:'[
distilled water. (B) Dissolve 230 grams of KOH and 320 grams of Na-K-tartarate in
1000 ec of distilled water,

1,

Nylander's reagent—Dissolve 2 grams of bismuth sub-nitrate and 4 grams of Na-K-
tartarate in 100 cc of 10 per cent KOH. Cool and filter.™

B. GLASS APPARATUS

Test tubes, funnels, beakers, pipettes, measuring cylinders, glass-stoppered bottles,
spirit lamps, titration flasks, conical flasks, reagent bottles. Besides these, filter papers,
cotton, test tube holders, test tube stands are also required.

Note—All the glass apparatus must be chemically and physiologically cleaned. For
example, a test tube should be washed first with vim and then it should be dried. Alter
removing moisture, rinse the tube with chromic acid solution, Then wash the test tube
9 times with tap water and 3 times with distilled water. MNow, the test tube is cleaned properly
and is ready for physiological experiments,

. CARBOHYDRATES

Carbohydrates are abundantly distributed in the plants and to a small extent in the
animals. In animals they are found in free state or in combination with proteins. The
name carbohydrate is given because they are composed of carbon, hydrogen and oxygen
atoms, H, and Q. are found in the same proportion as in water (H,0). Chemically
carbohydrates are aldehyde and ketone derivatives of alcohols (aldoses and ketoses), Im
general, carbohydrates are white solids, sparingly soluble in organic liquids, except for certain
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polysaccharides, soluble in water. Many carbohydrates are of low molecular weight and
having sweet taste. Carbohydrates are classified into 3 groups :

(1) Monosaccharides or simple sugars (C,H,.Q,).

(2} Di- and tri-saccharides or compound sugars. (3) Polysaccharides.

MONOSACCHARIDES

Monosaccharides or simple sugars occur abundantly in nature in the form of glucose
and fructose. They occur in white crystalline form, easily soluble in water and hot alcohal
and practically insoluble in organic solvents like absolute alcohol, ether and acetone, ete.
They are optically active and being aldehydes and ketones show common reactions.

In alkaline solution all the monosaccharides and many disaccharides behave as
reducing agents and are easily oxidised by various reagents as silver and copper, etc. Most
of the quantitative analyses for sugars depend vpon the measurement of the reduction of
Cut+ to Cut by alkaline sugar solutions.

Experiments with Glucose and Fructose

Make 0°2 per cent and 2 per cent solutions of the Dextrose-D or Fructose and perform
the following experiments in order to identify the reducing action of glucose and fructose

Experiment No. 1

(a) Procedure—In a test tube take 3 cc of distilled water, then add a drop of methylene
blue (1%;) and then add 0'S cc of 40 per cent NaOH. Boil the solution. Colour is not
discharged; blue colour remains.  Add 1 cc of 0°2 per cent glucose or fructose solution
and boil.

(b) Resuilt—The solution is decolourised due to the formation of leuco-methylene biue, the
reduction produet of methylene blue.

Experiment No. 2. Reduoction of alkaline ferricyanide

(a) PFrocedure—In a test tube take 3 cc of 1 per cent potassium ferricyanide solution and
add 1 cc of 40 per cerit NaOH solution. Boil the solution. Add 02 per cent glucose
solution to the hot solution drop by drop and keep on hoiling.

(b} Result—The yellow colour of the ferricyanide begins to fade and finally decolourises.

Experiment No. 3. Tommer’s Test—Reduction of alkaline copper sulphate

(a) Procedure—In a test tube take 2 cc of 045 per cent copper sulphate solution, then and

2 e¢ of 0.2 per cent glucose solution and mix. Add 2 cc of 40 per cent NaOH solution,

A clear blue solution is obtained. Glucose acts as a solvent for cupric hydroxide

Cu{OH), and prevents its precipitation. Boil.

(b) Resulr—Yellow or red precipitate of Cu,0 is formed due to the reduction of CuS0,.

2Cu (OH)o— O — Cu,042H,0

Experiment Mo, 4. Fehling’s Test

{(a) Procedure—Take 5 cc of Fehling’s solution and boil. There is no change of colour
on the formation of precipitate. (In case of colour change and precipitate formation
reject the solution.) Add 1 ce of glucoze solution and boil again.

(b} Result—Colour changes with the formation of vellow or brick-red precipitate of Cu,0.

Experiment No. 5. Benedict’s Test

(@) Procedure—In a test tube take 5 cc of Benedict's reagent, then add 0°5 ce of glucose
solution and heat to boiling. Boil for 2 minutes. Cool the solution under tap waler,

(b) Rewuls— Green, yellow or red precipitate of Cu, O is formed.

Experiment No, 6. Picric Acid Test

(a) Procedure—In a test tube take 3 cc of 2 per cent glucose solution, then add 1 ce of
picric acid saturated solution and then add 1 cc of 40 per cent NaOH.
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(b) Result—Picric acid is reduced to picramic acid with the formation of red colour.
C,H.OH(NO,);+3H,; —» CH,OH. NH,.(NO,),+2H,0
Experiment No. 7. Nylander's Test
{a) Procedure—In a test tube take 5cc of 2 per cent glucoss solutiom, add 05 cc of
Mylander’s reapent and heat to boiling and keep on boiling for 2 minutes.
(b) Resuli—The solution becomes dark black, as bismuth sub-nitrate is reduced to bismuth,

Bi(OH),NO,+KOH - Bi{OH),+KNO,
2Bi(OH),+ 30 — 2Bi+-3H.0
Experiment No. 8. Rapid Fuorfural Test
(a) Procedure—Take 1 cc. of 2 per cent fructose solution, add 6 drops of z—naphthol, then
add 5 cc of conc. HCI in a test tube Boil.
{b) Result—As the mixture begins to boil, deep purple colour develops.

DISACCHARIDES
Disaccharides include lactose, maltose and sucrose.

{1) Lactese is found in milk and also in the urine of women during pregoancy and
lactation,
(2) Maltose—It is the final product of starch hydrolysis.
(3) Swcrose—Abundant in plants as a reserve food material, £y
Lactose and maltose are reducing sugars and give positive Tommer’s, Fehling’s,
Benedict’s and Barfoed's lests. Sucrose gives positive Rapid. Furfural and Seliwanafl’s t?:sts.
Lactose and maltose form osazones with characteristic erystalline forms and they can be classified
by microscopic examination. Lactosazone forms mushroom-shaped crystals, glucosazone forms
needle-shaped crystals, while maltosazone forms flower-shaped crystals. Sucrose e ik
form osazone. For the osazone formation, prepare 0.5 per cent glucose and fructose solutions,
2 per cent lactose, 2 per cent maltose and 2 per cent sucrose. In 2 test tuhe_lak& 5 cc of
sugar solution and add 10 drops of glacial acetic acid, then add a knife Pﬂmt_ﬂf phc:_::.."l-
hydrazine hydrochloride, then add twice the amount of sodium acetate crystals, give a little
heat to the solution to dissolve the solids. Filter the solution and keep the filtrate in boiling
water bath for 20 minutes, then remove and examine.

Il. PROTEINS

Proteins, found in animals and plants, are important building blocks formed by amino
acids, condensed together by peptide linkage. All proteins contain carbon, hydrogen, oxygen,
'[Iitt'ﬂglzn and with a few exceptions sulphur alsp. The elementary mmpc}sitlun of proteins
consists of approximately C=45-55 per cent, H=6-8 percent, O=19-23 per cent and
N=14-20 per cent. Proteins have high molecular weight. They contain free amino and
carboxyl gmijrm and so they can combine with bases and acids depending upon the pH of the
medium. On hydrolysis, proteins break into peptones, proteoses, peptides and amino acids,
Chemical behaviour of the proteins is due to the amino acids in the protein molecules.

For experiments fresh 5 per cent solution of egg white is prepared. The egg white is
filtered throvgh cotton. Dissolve 5 ec of egg white into 95 cc of distilled water for 5 per cent
ege white solution. Proteing show both precipitation and colour reactions.

(A} Precipitation of Proteins with Heavy Metals
Experiment No. 1

(a) Procedure—In a test tube take 3 cc of 5 per cent egz white solution, then add mercuric
chloride drop by drop.
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(b)

(2)
(b)

(a)
(b)
(a)
(b)

(a)
(b)
(2]

(b)
(a)
(b)
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Resuli—White turbidity is produced first which becomes thick and granular. The
heavy metal salts precipitate protein solutions, This precipitate is generally soluble in

excess of the salt solutions.

Experiment No, 2

Procediure—Take 3 cc of 5 per cent cgg white solution and add 0°5 per cent ferric
chloride solution drop by drop.

Resuli—On addition of first drop, turbidity appears and it increases on addition of
subsequent drops. If FeCly is added in execess, the turbidity disappears.

(B) Precipitation of Proteins by Alkaloid Reagents

Experiment No. 3
Procedure—In a test tube take 3 cc of 5 per cent egg white solution and add 20 per cent

sulphosalicylic acid.

Result—White precipitate is obtained.

Experiment No. 4. Esbach’s Test

Procedure—Take 3 cc of 5 per cent ¢gg white solution in a test tube and add Esbach’s
rcagent.

Result—Yellowish precipitate is formed.
urine is also estimated.

Experiment No. 5. Tannic Acid Test
Procedure—In a test tube, take 3 cc of 5 per cent egg white solution and then add 3
drops of freshly-prepared tannic acid solution.

Result—Brownish and non-granular precipitate is formed.

Experiment No. 6. Heller's Test

Procedure—Take 3 cc of concentrated HNO, in a test tube and then add very carefully
3 cc of 5 per cent egg white solution by mecans of a pipette in such a manner that it
forms upper layer. Mix gradually by rotating between palms,

Result—A white ring is formed at the junction of the two solutions.

Experiment No. 7. Acetic Acid-Potassium Ferrocyanide Test

Procediure—In a test tube take 3 ce of § per cent egg white solution, then add 3 drops
of glacial acetic acid. and add 3 drops of potassium ferrocyanide solution.
Result—White precipitate is obtained. The precipitation is due to the proteoses, which

dissolves on boeiling and reappears on cooling.

By this method the quantity of albumen in

(C) Colour Reactions of Proteins
Proteins show colour reactions which are due to the presence of constituent radicals in

the complex protein molecule, Since different proteins contain different groups, all proteins

do not give positive reaction with all colour

experiments. Sometimes, non-proleins or

prosthetic groups also respond to certain colour reactions and hence several tests must be done
before drawing any conclusion. For colour reaction experiments prepare 5 per cent egg white

solution.

(a)

(b)

Experiment No. 8. Biuret Reaction
Procedure—Take 3 cc of 5 per cenl protein soultion in a test tube, add 1 cc of 40 per
cent NaOH solution to make it strongly alkaline, and then add 2 drops of |1 per cent

copper sulphate solution.
Result—Yiolet or pink colour appears. This reaction is due to the peptide linkage and

s0 it is positive with all proteins.
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(a)

(b}

{a)

{b)

{a)

{b)

(a)

(b}

(a)

(b)

{a)

(b)

Experiment No, 9. Ring Biuret Test

Procedure—Take 3 cc of 5 per cent or even more dilute egg white solution in a test
tube, add I cc of 40 per cent NaOH, then add by means of a pipette 1 cc of 1 per cent
copper sulphate over the surface of the lignid very gently so that the 2 fluids do not
mix. Rolate pently.

Result—A pink or violet ring is formed at the junction of the two Auids. Proteoses
and peptones give rose colour. Gelatin gives bluish pink or violet colour.

Experiment No. 10. Xanthoproteic Reaction for Tyrosine, Phenylalanine and
Tryptophane.

Procedure—Take 3 cc of 5 per cent egg white solution in a test tube, add 1 ec of conc.
HMNO, and boil. First white precipitate is formed which changes to yellow. The liguid
also becomes yellow. Cool the test tube and add excess of 40 per cent NaOH or
ammeonia to make alkaline.

Result—The yellow colour changes to orange. The proteoses and peptones do not
form precipitate with HNO, but their solution turns yellow to orange in the presence
of alkali. The precipitate is due to the formation of metaproteins insoluble in HNO,
(nitric acid). The yellow colour is due to nitro-compounds from the protein molecule
containing benzene ring. When made alkaline, the nitro-compounds ionize freely and

produce deep yvellow or orange colour,

Experiment No, 11. Millon’s Test for Tyrosine :
Procedure—In a test tube take 3 cc of 5 per cent egg solution, add 2 cc of mercuric
sulphate reagent by pipette and boil cautiously for a minute. A yellowish PfemPlfﬂtﬂ
generally is formed, Cool the tube and add 2 drops of 1 per cenl NaNQ, (Sodium

nitrite). Heat again. L i
Result—The solution and the precipitate become red showing the presence SRz

Experiment No, 12,  Aldchyde Test for Tryptophane

Procedure—In a test tube add 3 cc of protein solution (5 per cent egg white), then add
one drop of 0-2 per cent of 40 per cent formalin, then add 0°5 cc of mercuric sulphate
reagent. Shake well and then add 20 cc of conc. H,50, shake. :
Result—Violet or purple colour develops. Sometimes, a little heat is required for the
colour to appear.

Experiment No. 13. Glvoxalic Acid Test for Tryptophane ‘
Procedure—In a test tube take 3 cc of 5 per cent egg white solution for protein and
add 3 cc of glyoxalic reagent. Now add this selution very carefully to another test
tube containing 5 cc of conc. H.SO; in such a manner that the two fluids do not mix,
Rotate the tube gently.

Resuli—Purplish violet colour develops at the junction of the two floids. The purple
or violet colour is due to the presence of tryptophane, which forms condensation
product with the aldehyde.

Experiment No. 14. Arginine Test for Arginine

Procedure—In a test tube take 3 cc of 5 per cent egg white protein solution, then
add 2 drops of 1 per cent «-naphthol solution, then add 1 cc of 40 per cent NaOH
solution, and then add 2 drops of sodium hypobromide (NaOBr).

Resuli—Bright red colour is obtained. This reaction is specifically meant for arginine
which is present in all proteins. :
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(a)

(b)

(a)

(b)

(a)
(b)

Experiment No. 15, Sulphur Test for Cystine and Cysteine

Procedure—In a test tube take 3 cc of protein solution (5 per cent egg white), then
add 5 drops of lead acetate which causes precipitation. Now add 40 per cent NaCH

drop by drop till the precipitate dissolves. Boil.

Result—Black or brown precipitate is formed, which shows the presence of cystine or
eysteine group.

Experiment No. 16, Molisch’s Test for Carbohydrate Group attached to Protein

Molecule

Procedure—In a test tube take 3 ccof 5 per cent Cgg white protein solution, then
add 2 drops of 5 per cent alcoholic thymel; now incline the tube and gently add
3 cc of conc. H,S0, (the acid should go by the side of the tube wall) in such a way

that the fluids do not mix. Rotate the tube gently.
Result—Purple-violet ring, at the junction of the fluids, iz formed which shows the

presence of carbohydrate group attached to the protein molecule.

Experiment No, 17. Ninhydrin Test

Procedure—Take | cc of 5 per cent egg white protein solution and add 4 drops of 0.1
per cent ninhydrin solution and boil for 1 minute. Cool the tube.

Result—Blue colour develops. The test gives positive results by all amino acids
containing free amino and carboxylic groups. This test is positive for all proteins and
their derivatives except proline and hydroxy proline.

FATS AND OILS
Fats and oils are found abundantly in plants and animals forming distinct foodstuff.

Fats have double calorie value than the carbohydrates. Fats have preasy feel with low
melting point. They are soluble in organic solvents like ether, chloroform and alcohol and
insoluble in water. Fats are hydrolysed by boiling acids and alkalies. Simple fat is glycerol
which forms esters with 3 molecules of the same different acids and the most common
acids are—

(=)

(b)

(1)
(b)

(1} CHL(CH,):, .COOH—palmitic acid.
(2) CH,{CH,);;.COOH—stcaric acid,
(3) CH,{CH,),.CH=CH (CH,);.COOH—0Olcic acid,
For experiments with fats, olive oil is quite suitable.
Experiment No. 1. Solubility Test
Procedure—In separate ttest ubes marked A, B, C and D, take 0°5 cc of water in test
tube A, 5 cc of ether in test tube B, Sec of chioroform in test tube C and Sec of
aleahol in test tube D and add 3 drops of oil, preferably olive oil, in each test tube
drop by drop.
Result—Test tube A=aqil is not miscible and floats.
Test tube B=oil is miscible.
Test tube C==oil is miscible.
Test tube D=oil sinks to bottom; on heating oil dissolves.

L4

Experiment No, 2
Procedure—In a dry test tube take 05 ec of olive oil, then add a knife point of sodium
or potassium hydrogen sulphate and mix thoroughly by a glass rod and heat.
Result—Ohserve irritating odour of Acrolin. The glycerol present gives Acrolin on
dehydration.
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Experiment No. 3. Emulsification of Fats

{(a) Procedure—In a test tube take 3 cc of ncutral olive oil, then add 2 drops of oleic acid,
mix by shaking to form rancid oil. Now add 2 drops of this rancid il to another test
tube already containing 3 cc of dilute caustic soda.

Result—The acid dissolves in alkali forming a soap, which entangles oil by diffusion to
form emulsion.

Experiment No. 4. Salting out

(8) Procedure—Take 10 drops of olive oil in a test tube, add 2 cc of alcoholic caustic soda,
boil carefully. Soap solution is obtained and divide this selution equally in 3 separate
test tubes marked A, B and C. To test tube A add 3 cc of conc, HCI or H;80,, to
B add sodium chloride powder and to € add 2 per cent caleium solution. Observe.

(b) Result—Test tube A=small oil globules separate and float on the surface.

Test tube B=white precipitate separates and floats on the surface.
Test tube C==white precipitate of calcium soap is formed.

(b)

ENZYMES

Enzymes act as catalyst for the chemical reactions. They are colloidal organic
protenaceous substances, whose activities are entirely independent of any of the Iiﬁ? Processes.
Enzymes act only on a particular substrate. In amimals, enzymes are most aclive between
35°C-44°C. Several enzymes occur in inactive form and are activated by specific substances.

For example, inactive pepsinogen is transformed into active pepsin by HCL from the
gastric glands.

Experiment with Piyalin .
Ptyalin is a salivary enzyme called as amylase and it acts on starch dextnin AucEyeopet
converting them into maltose. Salivary digestion of starch can be demonstrated.

(a) Procedure—In order to obtain your own saliva, rinse your mouth with mouthful
of water to remove acidity. Again keep 10-15cc of water inte mouth B'I:rld- rntELte
it by tongue for 2 minutes, then collect the water in @ beaker. For collecting saliva
warm water between 38°C-4(°C is preferably employed, Tap water may mot give
Sﬂtiﬂfﬂﬂlfjl'}" result. MNow take a ]]I:}I'EJE]'H.iH tile test tablet ].'I.ﬂ"-l'ing depmisiﬂnﬁ. Add
2 drops of 0°02N jodine solution in each depression. Now take another test tube and
mix 5c¢c of 1 percent starch paste plus 5cc of saliva solution obtained from your
mouth thoroughly. By means of a pipette take some mixture and add a drop to one of
the depressicns in the test tablet containing iodine solution.

(b) Resulr—Blue colour is obtained due to the presence of the starch.

EXERCISE No. 1
Object—To identify the given substance.

MNao. Experiments O bservations Inference

1. Substance+ Water—-Shake. Subs. completely dissolves. Carbohydrate.

2. 3 ce H.O-+Methylene blue+  The colour disappears. Sample is carbohydrate.
05 cc of NaOH. Boil—=Add

| cc of glucose soln.
3, 3 cc Pot. ferricyanide soln.4- Yellow colour of ferri-

1 cc NaOH-=Boil. cyanide starts fading and
ultimately disappears.

Sample is carbohydrate,
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No. Experiments Observations Inference

4, 2ece CuS0O, 4 Soln. 4 Ze¢c  Blue solution appears and Sample is carbohydrate.
NaOH -+ Boil. becomes brick-red on

boiling.

5. 5ec Fehling's Scln. 4~ 1ec Brick red ppt. of CuO Sample is carbohydrate.
Soln.—Boil, Appears.

6. 3Jcc Benedict's quoalitative Red ppt. of Cu,O appears. Sample is carbohydrate.
goln. 4 8oln,— Boil and cool
under tap.

7. 3cc Soln.+1cc Sat. Picric Red colour develops. Sample is carbohydrate,
acid soln.+ 1 cc NaOH.

8. 5ccSoln.+5ccof Nylander's Solution beecomes  dark Sample is carbohydrate,
reagent, heat—Boil. black.
FPerform other rests.

~ Result—The given carbohydrate was identificd.,
EXERCISE No, 2

Object—To identify the given samples A, B and C of Carbohydrate.

Mo, Experiments Observations [nference

(Write Positive or Megative)

Sample (A)—

1. Sample4-H,0 — Shake. Sample easily dissolves. Sample may be sugar,

2. Methylene blue test Positive 1

3. Pot. ferricyanide test, i |

4. Tommer's test. 0 |

5. Benedict’s test. an |

6. Fehling’s test. = r  Sample is carbohydrate.

7. Picric acid test. 11 [

8. Mvlander's test, £ J

9. Rapid Furfural test. *

10. BSoln. 3 ce. lead acetate—boil A pink colour is obtained.  Sample is glucose.
+4-NH,OH - boil.
Sample (B)— Sample (C)—

1. Methylene blue test. Positive 1. Methylene blue test. Positive

2. Pot. ferricyanide test, 4 2. Pot. ferricyanide test. i

3. Tommer's test. - 3. Tommer's test. s

4. Benedict's test ) 4. Benedict's test, -

5. Fehling's test. - 5, Fehling's test. *

6. Picric acid test. 3 6. MNylander’'s test. g

T. MNylander's test. 7, 7. Barfoed’s test. i

8. Seliwanoff’s test, Negative 8. Furfural test, MNegative

9, Soln.4-3ce lead A redcolour Sample 9. Soln.4-HSS0,4- A sandy Sample
acetate — baoil4- is is HNO,—heat+-70° ppt. is
NH, OH-+baoil. obtained. maltose warm water— heat. appears. Lactose.

Resuli—Sample A—Glucose, Sample B—Maltose. Sample C—Lactose.
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EXERCISE No. 3

Object—To identify the given sample,

I 299

MNo. Experiments Observations Inference

1. Biuret test. Positive Sample is protein.
2. Xanthoproteic tesl. i =

3. Millon’s test. o o

4. Aldehyde test. i 7

5. Arginine test, 5 s

6. Moaolisch's test.

Perform other tesis.

Resuli—The given sample is protein.

EXERCISE No. 4

Object—Identification of the given substance.

MNo. Experiments Observations Inference
1. Sample+ NaHSO,—heat. Irritating smell. Sample is oil. .
2. Sample+Oleic acid—shake -}

MNaOH.

Sample +— Aleoholic KOH—
boil and divide it into 3 parts
in test tubes,

First T.T.4conc. HCL

Second T.T.4 MNacCl.

Third T.T.4CacCl,.
Sample - KMnO, + HCl+
Alcoholic KOH—heat.

sSoap is formed,

(il scparates and floats
on surface.

White ppt.

White ppt.

The colour produced
decolourises,

Sample is oil.

Sample is oil.

Sample is oil.

sample 13 oil.

Sample 15 unsaturated
fatty acid.

Result—The given sample is oil,



Chapter 9

Meiosis and Mitosis

(A) STUDY OF DIFFERENT MEIOTIC STAGES USING GRASSHOFPPER
OR COCKROACH TESTIS
Note :— Meiotic stages are found only in sex—cells and for this purpose testis is the most
suitahle material ro study. During Mefatic cell divisions, reduction of diploid chromosomes
fo haploid number oceurs. The entire meiotie division comprises af two main divisions : (1) First
meiotic division in which pairing, crossing and reduction in the number of chromosomes occurs;
(2} Second meiotic division in which 4 daughter cells with hapleid number of chromosonies are
Jormed.
(1) Requirements
Animal—Grasshopper or cockroach,
Glassware—Petri-dishes, 6 cm slides, cover-slips, micropipettes, droppers.
Fixative—Carnoy's fluid (Acelo-alcohol).
Stain—Acetocarmine or Acelo-ovecin.
Other articles—Filter paper, spirit lamp, levels.
- {2) Procedure
i1} Grasshoppers may be collected from the green fields during the rainy season in the
morning hours, If required in large numbers, they may be fixed in Carnoy’s fluid
and preserved in 90 per cent alcohol.
(2) Pin down the living grasshopper in insect dissecting dish.
(3) Dissect the animal in 0.78 per cent NaCl solution {normal saline),
(4) Take out the testes lobes and fix them in Carnoy’s fluid for 2-12 hours.
(5) Stain the Carnoy’s fluid fixed testes lobes in  acetocarmine or propiono-carmine for
5-40 minutes, depending upon the nature and the size of the material.
{6) 1If the material is over stained, dip in €5 per cent glacial acetic acid.
(7) For squash preparation, take a clean slide and keep the material over the slide in 2-3
drops of glacial acetic acid, cover it with a thin cover-slip and heat it very gently.
(%) Place a filter paper over the slide and apply 2 uniform pressure with the thumb keeping
the slide on the table.
(9) The slide can be sealed by nail polish or half wax and half canada balsam.
(10) Study the different meiotic stages with special emphasis on the following stages :
Meiosis |
(2) Prophase I—It consists of the following substages—
(i) Leptatene— Chromosomes thin, long, slender and ramified.
(i} Zypgorene—Chromosomes, thick and short. Homologous chromosomes pair with

each other. Process of pairing is called as synapsis which generally begins at

ceniromernes. :
(iii) Pachytene—Mucleolus present, The paired chromosomes look still shortened,

thick and in the form of network.
(iv) Diplotene—The chromatids look separated. The bivalents look double structures

due to terminalization effect and chiasma formation. The thick and shortened

bivalents are conntable. Nucleolus present.
(v) Diakinesis—Nucleoli and nuclear membrane begin to disappear. Tetrads contract

and cach lies separately.
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(b) Metaphase I—The chromosomes move to equatorial plane with their centromeres facing
the poles.
(c) Telophase [—Cytokinesis may or may not take place.
Meiosis 1
{a) Prophase II—Chromatids appear a8 dyads. Nuclear membrane and nuclei disappear.
(b) Metaphase 11—Spindle is formed. Chromatids move towards equatorial plane with

centromeres facing the poles,
(c) Anaphase II—Centromeres of the dyads separate and move towards poles, Each

chromosome splits in two haploid number,
(d) Telophase II—Chromatids are found at two opposite poles. MNuclear membrane and

nucleolus reappear.

(B) STUDY OF SALIVARY GLAND CHROMOSOMES
Procedure ‘ ‘

(1) Take a full-grown third instar larva of insect and place it over a slide in a drop of
normal saline (0.78 per cent NaCl) or Ringer's solution.

(2) Cut the head of the larva with the scalpel and press the body with the needle. The

salivary glands float.
(3) Stain the glands in 2 per cent aceto-ovecin for about 5 minutes on the slide,
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(4) Place the cover-slip on the tissues, suck the excess of stain from the dropper, heat
gently and squash applying uniform pressure with the thumb over the filter paper
covered cover-slip.

(=) Study the banded peolytenic structure of salivary gland chromosomes.

(C) STUDY OF DIFFERENT MITOTIC STAGES

For study of mitosis, intestinal epithelivm or bone marrow are preferably taken or
any rapidly dividing and growing tissue,

Procedore—{Feulgen squash method for mammalian bone marrow)—

(1} Give an intraperitoncal injection of 5 cc¢ of 0.4 per cent colchicine in an experimental
rat and leave the animal for an hour.

(2) Chloroform the animal, remove the femur, cut the epiphysis and collect the bone
marrow in 1.2 per cent sodium citrate kept at 37°C.

{3) Mix the marrow with the needle so that a fine suspension is made.

{4} Fix the suspension of the marrow in Carnoy’s fluid (aceto-alcohol) for 10 minutes.

(5) Transfer the marrow in 50 per cent alcohol for 15 minutes,

(6) Rinse with distilled water and keep the marrow in normal HCI to hydrolyse at 60°C

for 4 to 7 minutes.
(7) Transfer the tissue from bath immediately in the ice cold water for 1-2 minutes to

stop hydrolysis.
(8) Stain it in leuco-basic Fuchsin for about one hour and keep the tissues in 43 per cent
acelic acid.
(9) Prepare squash preparation as described for meiosis and study the following stages—
(a) Prophase—Chromosomes become distinct and coiled around each other.
(b) Metaphase—The chromosomes occupy equatorial plate and their centromeres
facing opposite poles.
{c) Anaphase —The two chromatids separate at the centromeres which move apart.
Chromosomes become V or L—shaped in appearance.
{d) Telophase — Chromosomes move towards poles. New nuclear membrane and
nucleoli appear. It is followed by cytokinesis and two daughter cells are formed

with equal number of chromosomes.
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Heart Beat and Muscle Contraction

EXPERIMENT 1

Object—Study of Apparatus Commonly Used for Heart Beat and Muscle
Contraction Experiments

Recording drum is used for above experiments. Complete apparatus used for such
studies is divided into two categories—(A) Non-electrical paris, and (B) Elecirical paris.
(A) Non-Electrical Parts
These consist of the following—
(1) Dissecting board—It is a rectangular wooden board of 6"x 8" size containing clastic
bands on 4 corners to fix 4 extremities of the frog (hand and feet).

(2) Rectangular tray—It is made up of aluminium or stainless stecl measuring 8% x 10%
It is deep enough to accommodate the dissecting hoard.

(3) Adjustable stand—It is composed of 4 heavy metal base and long vertical middle rod
having a screw near its base, so that it may be rotated.

{4) Myograph board—It is covered with paraffin wax on top. On one side it has a top or
head for fixing it to myograph lever, while on the other side a fork is attached. The
top surface 15 provided with raised margins to keep Ringer's solution for Keeping the
nerve-muscle preparation moist,

{5) Myograph lever—It magnifiess the contractions. It is a crank type of myograph
lever in which the fulerum of the lever is near one end of the mvograph board. The
lever has a vertical short stem and a long horizontal arm. The muscle can be loaded
by hook and the weight is hung over the long arm. 1t can be adjusted in such a
way that the muscle and the thread are not freely stretched by the load during rest.

{6) Pithing needle—It is used to pith and kill the frog.

{7) A pair of hand gloves.

{8) Recording drum—It comprises of both mechanical and electrical parts. Tt 15 composed
of a heavy metal base with {wo screws in front for levelling. The drum is electrically
operated having an electrical switch at right side to control the main power of
220 volts. Below this is a mechanical screw. This screw keeps the drum off, if placed
horizontally, and on when in vertical position. For speed control there are two bars on
left side. These bars are fitted in marked end and the drum will not move if it 15 at
ncutral point. At the base of the drum, there is a vertical metallic rod, which rotates
and possesses a hollow metallic cylinder of 6" long. Over the rod is a guiding pin through
which the slot of drum must pass. The outer surface of the drum is tightly covered by
a glazed and smoked paper for recording the contraction or the heart beat.

(B) Electrical Parts
These consist of the following—

(1) Recording drum—The electrical part of the drum consists of two terminals, one black
and other red, connected to the source of the current. The lower end of the rod contains

two metallic pins. Inside the terminals is a metallic spring which sives contact-malke
and contact-break, during each rotation,
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(2) Induction coil—It is used to convert low voltage current to high voltage. It is composed
of primary and secondary coils, When the current passes through the primary eoil,
there is a change of flux and an induced current is produced in secondary coil. This
change is brought about by make and break arrangement. The primary coil is of thin
copper wire wrapped on a soft iron core and a secondary coil of thin copper with large
number of turns. The secondry coil may be kept close or away from the primary
cireuit.

(3) Keys—The keys are used for interrupting the course of the current. For adjusting
primary circuit, short circuiting is used and for secondary circuit, secondary key or
Du Boys Reymond key is used.

The drum must always be rotated clockwise and the mechanical serew must be kept off.

EXPERIMENT 2

Object—To Prepare Gastrocnemius Muscle MNerve
(1) Procedure—While making nerve muscle preparation, the following rules must be

obzerved :

{2) Never use a knife when expérimenting on a frog, but cut with scissors only.

(b) Do not touch the nerves with instruments.

(c) Always keep the tissues, especially the nerve moist with 0.6 per cent NaCl solution.

{d) Always pith the frog for above preparation.,
(2) For pithing, take a living frog and

catch it firmly in the left band.

Make a bold incision into the skin

trapsversely along outside cutting the

atlanto-oceipital ligament and pass

the pithing needle into the skull above

the exposed spinal cord to destroy

the central nervous system by moving ;

the needle to and fro, [lorwards ' L gracilis

and backwards. Take out the needle, o

pass it downwards through vertebral _

canal perfoming side to side movement LEIIirim'

of the pithing needle so as to destroy

the spinal cord. The compicte

destruction of the spinal cord is

ensured by the absence of cutaneous

reflex of the hind limbs,

{3) Cut the pithed frog across about 1 cm
anterior to the sacro-iliac joints,
remove any viscera remaining in the
boedy cavity. Cut the skin between
the legs. catch the skin at the trans-
verse cut with the finger and thumb Fig. 10-1. Frog. Gastrocoemivm mucle,
of one hand and the end of the spiral
column with the other and pull the skin downwards towards the toes. It will be
peeled off easily and cleanly, Leave the second leg covered with skin.

(4) Lay the legs on their ventral surfuce, grasp the urostyle with forceps and remove it by
culting away the muscle on both sides, and finally cut it from the end of the spinal
column, Turn the prepuration to the dorsal side and observe the sciatic nerve lying

tibea posleticr
gastrocnemius
tibia

tanda achillis
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(3)
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drum

{= 305

against the back of the abdominal cavity, Snip through the sacro-iliac Joint on the’
side of the skinned leg, dissect the end of the spinal column longitudinally, by means
of one strong steady cut with scissors, carefully avolding injury to nerves. By holding
the piece of vertebrae so isolated, the dissection of the nerve can be carried out without
pinching it with forceps. Lay the preparation on the ventral surface and pin it firmly
to the disseeting board,

MNow holding the piece of the bone with forceps, dissect the nerve down towards the
thigh, separate the muscular masses on the dorsal side of the thigh, carcfully keeping
in mind for the sciatic nerve and artery lyving side by side. Continue the dissection
upto the knee, do not let the nerve lie on the skin of the frog, moisten with normal
saline. Tie a ligature round the Achilles tendon, cut this on distal side, snip through
connective tissue attaching the gastrocnemius muscle to the lee. Cut through the leg
bone just below the knee, and the whole thigh just above the knee, carcfully leaving
gastrocoemius muscle and the seiatic nerve intact. Don't dissect the nerve at the knee.
The nerve muscle preparation is now complete which consists of vertebrae with origins
of sciatic nerve, knee joint, gastroncnemius muscle, tendon and thread. Fasten it on to
the myograph board with a pin through the knee joint, attach the thread to the short

arm of the lever, so that preparation is ready for experimentation.

EXPERIMENT 3
Object—To Demonstrate or Draw a Simple Muscle Curve (Simple Twitch)
Requirements—Dissecting board, adjustable stand, erank myograph, pointer, rf:mrdfng
or kymograph, primary key, induction coil, short circuiting key, electrodes, connecting

wires, pithing needle, scalpel, scissors and hand gloves.

Connections—It consists of primary circuit with drum in circuit. In the secondary

circuit, the two terminals of secondary coil are connected to the two side tE"ﬂiﬂﬂIE_ f—"r the
short circuiting key. The current from the other two terminals of the short circuiting key
i1s led to the electrodes which are used to stimulate the muscle T_hTDngh its merve. The
speed of the dfum 15 kept fast.

Frocedure—(1) After making all the necessary connections, adjust the basc of the

recording drum in the horizontal position by levelling the screws. Wrap the smoked paper
around the recoerding drum and make a base line on the recording drum.

Preparation on  the myograph, connect the
tip of the muscle with the vertical limb of
the myograph liver and insert a pin below
the knee joint. The other end of the sciatic
nerve is laid on the electrodes. Adjust the
pointer on the drum to draw the curve.

stimulus is applied to the sciatic nerve,

(2) Place the gastrocnemiuvs sciatic

(3) Apply the current on the nerve,
Observation—When the electrical

; moment contraction relaxation -
the gastrocnemius muscle contracts and a of I':{'—ﬂ period pEriod

curve is drawn on the smoked paper. This stimulus

curve shows movement of stimulus, latent Fig. 10-2, Simple muscle twitch curve.

period, phase of contraction and phase of relaxation,
Precautions—(1) Switches should be used very carefully.

(2) Connections should be tight.

(3) Plane of recording drum must be in the horizontal position.
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Fig, 10-3. Connections, recording drum and nerve mus:le for simple mus:le twitch,

EXPERIMENT 4

Object—To Demonstrate the Phenomenon of Complete Teianus. ! .

Appﬂ]’ﬁtlﬁ—ﬁ.ﬂ gi"f‘:]] in the case of muscle twitch. The L’-C"IIT:IEE"'.'.'HE ang ﬂd,lu:il*-'d in
such a way that the rate of movement of the hammer of induction coil beeomes very high and
the speed of the drum is kept very slow.

Procedure—Fix & gastrocnemius muscle preparation on the myograph board, Draw
a2 hase line on the drum.  Rotate the drum very slowly, Give one stimulus to cause muscle
contraction, then give multiple stimuli.

Observation—A complete tetanus curve is observed, It was observed that, due to
very high rate of movement of the hammer of induction coil the rate of interruptions of the
current becomes very fast and successive contractions fused together as a continuous curve.

sagandary coil by glagtrodas '
| incamplita
tetanus
B . e L A e
primany coll A i
complate
tatanus
I\—w——/\/-/ hHmMEI
batiery kay
Fig. 10-4, Fig. 10-5. Compleieand

C ynnections for tetanus, incomplete petanis curve,
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The rapid and multiple stimulations to muscle fibers leave no time to relax them. The TeSponse
is smooth, sustained and maximal. Such a response is termed as tetanus. For demonstrating
incomplete tetanus less rapid stimulations are given, In this ease, contraction is not
smooth and individual waves may be discerned. 1If a muscle is stimulated respectively for a
long enough period of time, the force of contraction progressively decreases and finally a point
is reached at which no contraction occurs. In this case a muscle is said to be fatigued.

EXPERIMENT &
Object—To Record the Heart Beats of the Frog in Situ.

Apparatus—Recording drum, myograph board, dissecting board, pithing necdle and
large frog.

Dissection of frog’s heart—(1) Lay the pithed frog on its back on the fiog board and
fix it with 5 pins—four through the limbs and one through the jaw.

(2) Make a median incision through the skin over the sternum, lift the cartilaginous
xiphisternum and scparate it from underneath by cutting through the small strands
of tissue. Make an incision on each side of the cartilage, insert under the pectoral
girdle the pointed blade of a pair of strong scissors, keeping the blade in close contact
with the bone.

(3) Divide the girdle first on one side and then on the
other, raise and cut away the anterior wall of the
thorax. Puoll both forelimbs laterally and fix them ii 3
in such a position as to keep the chest wide open.

Inspection of the frog’s heart—Carefully make an
incision in the pericardium and find the ventricle, two
auricles, auriculo-ventricular groove and bulbous arteriogus,

Lift the ventricle upwards and locate the sinus venosus,
superior and nferior venae cavae,

: ; frog
Sequence of the heart beat—The contractions of the H.aE e !
frog’s heart are progressive. The sinus leads off first and

is followed by the auricles, ventricle and the bulbous last.
The rhythm of the heart beat is dependent on the fre-
quency of the sinus. Observe how the ventricle, during
contraction, changes its colour becoming pale when free from
blood in systole. Also observe the short pause between the

contraction of the sinus and the auricles and betweesn that I
of the auricles and ventricle,

pointar

E @Fguui;..__i—-;b'

ig, 10 6. Heart beat record of frop.
Record of the heart beat—Pass a hook, made from a | °F __ <o E

small pin, in the apex of the ventricle or use a special heart
clip. Lift the heart very gently by the thread attached to the
hook and snip through the fraenum. Insert a pin through the
bulbous part and fix it to the frog hoard. Fasten the free end
of the thread with the lever and adjust the lever over the

Fig. 107, N i
drum, Re:l:r:rrd the movements of the beating of heart on a Ii;mgi“:‘ ?J;m?: :;:E: :3‘
slowly moving drum, traction of sinus; a, con-
Precautions—(1) During dissection never use the lraction of auricle; v, con-
knife, Use scissors only. (2) Never injure the heart, (3) Select traction of ventricle.

a large frog. (4) Once the frog has been pithed, perform the experiment with as much speed
a5 you can. (5) Never pinch the nerves with forceps. (6) Prevent the tissues {Tom drying
by frequently bathing them with (-78% NaCl solution,

e e



Chapter 1

Experiments with Blood

EXPERIMENT 1

Object—Enumerate the Total R.B.C. (Red Blood Cells or Erythrocytes) Count
of your Own Blood

Apparatus—Haemocytometer, pricking needle, R.B.C. pipette, compound microscope and
Hayem's diluting fluid (NaCl—1 per eent, Na,SO,—2-5 per cent and HgCl,—0°25 per cent).
The Haemocyiometer is a kind of slide containing counting chambers. The Burker,
Nenbaur, Thoma or any other Hacmocytometer may be used, The Neubaur haemocytometers
consists of a double-cell slide with two sunk platforms in open cell type. Each platform has
a ruling so that rapid duplicate counts cap be made. When a special cover glass is kept in
position, a depth of 1/10 mm. is maintained over the rulings. The diluted blood is run in by
capillary after the cover glass has been fixed. The counting chambers are nine large squares
having sides of 1 mm each. The central large square ABCD issubdivided in 25 medium squares
and each medium square in turn contains 16 tiny squares having sides 0005 mm. long.
Hayem's diluting fluid may be kept as stock solution and a small amount of it may be
taken in watch-glass, so that entire solution may not be mixed with the blood.
Procedure—(1) Clean and dry the mixing pipette (dilution 1 : 200).
(2) Sterilise your middle finger and the puncturing needle (preferably over a flame) with &

small pad of cotton wool dipped in

90 per cent alcohol.
(3) Prick the middle finger with the ﬂ

puncturing needle so that blood flows
freely, Don't squeeze,

(4) Wipe away cleanly the first few drops,
then suck the blood with R.B.C. L
pipette upto the O°5 mark slowly and
carefully. If the blood has been
drawn up too far, the excess may be
removed by wiping the end of the
pipette suitably inclined on blotting
paper. r-EJ

(5) Wipe the excess blood from the tip of " I
the pipette and immediately mix it
with Hayem's diluting fluid and suck Ik 1 3
in R.B.C. pipette the diluted blood L
upto 101 mark, Hayem’s finid J I\
prevents haemolysis, rouleaux formas / A /
tion, coagulation and bacterial /
growth. Disconnect the rubber tube, ::!mnlm'ﬂ By P Ve PRt

grip the ends of the pipette between
. forefinger and thumb and shake Fig. 11-L.
thoroughly for one minute. B.B.C., W.B.C. and hacmoglobin pipeties.

e S

7]
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(6) Re-attach the rubber tube to the pipette, reject the unused diluting fluid in the stem of
the pipette. Avoid drying and quickly run the diluted blood under the cover glass on

to cach of the central platforms. If unable to do so, wash the slide and the cover glass

and repeat it until you become cxpert. The acquirement of skill in performing
procedures No. 3 and 6 is very essential and untill the counting is valueless, The
correct size of the bleod drop and speed is obligatory, in order to avoid uneven distribu-=

tion of the cells. Very large drop will result In low count because the cells tend to be
sucked down into the trough away from the counting grid. On the contrary, a very

small drop, so that a second drop is to be added, results in high count due to the uneven

distribution of cells at the junction of the two drops. Once an optimum drop has been
placed, the cells should be allowed

to settle for one minute and then
ecounting should be done,

(T) Bring counting scale into the
focus under the objective under
a microscope. Count cells in
16 squares in five different parts
of the field. The counting —
should be done in exact replica Fig. 11-2. l'l'!ﬂ ﬂltltker]'[.l#kslﬂ}'
of the squares drawn on your foonnng St
copy. Any corpuscle lying omn
lines should bz moved either upwards or to right side.
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Fig, 11-3.

Fig. 11-4,
Ruling of the improved NMeobaur slide,

Magnified view of the central ABCD square,
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Caleulations—These may be done in the following manner—
. MNumber of cells counted > Dilution » 3000
MNumber of R.B.C. per cubicmm. =——-" T TR T

Suppose, five smaller squares or 80 smallest squares contain A+B+C+D+-E R.B.Cs.
One smallest square will contain A-+B+C+D-+E/80 R.B.Cs.
400 smallest squares will contain A+B4-C+4 D+ E < 400/80 R.B.Cs,
But, height of chamber=0'1 mm, and dilution of blood =200 times.
Therefore, one ¢ubic mm. of blood will contain

"‘+B+E%+D+E % 400 % 103200 R.B.Cs.

=A4+RBR4LCLHD4E = 10000 B.B.Cs.

EXPERIMENT 2

Object—Enumeraie the Toial W.B.C. (Leucocytes) Count of your Own Blood
Apparatos—W.B.C, pipette, haemocytometer, Hayem's fluid, microscope.
Procedure—(1) Clean and dry the W. B. C. pipette.

Sterilise the tip of your middle finger and puncturing nesdle with a pad of small cotton

wool dipped in 90 per cent alcohol.

Prick the sterilised finger decply with the needle so that blood oozes freely without
sgueczing.

Discard the first drop and then suck the blood in W.B.C. pipette upto 0'5 mark and
immediately dilute the bleod with Hayem's solution 20 times upto 11 marks.

Rotate the pipette slowly so as to allow the blood to mix with diluting solution.

Place clean covership on already cleaned counting chamber and add immediately and
rapidly a drop of mixture to the edge of the covership after discarding the clear fluid
in the capillary part. Allow the corpuscles to settle down and make a count under the
IMICTOSCOPE.

The white cells are recognised under low magnification by their refractile appearance
and by slight colour given to them by the diluting Aluid. The counting is performed in
the Tour corners of 1 square millimeter.

Caleunlations— The number of leucocytes per cubic mm. is calculated as follows :
Number of cells eounted = Dilution = 10
HNumber of 1 sgq. mm. counted

MNumber of leucocytes per cubic mm.—

EXPERIMENT 3
Object—Find out the Haemoglobin Percentage of your Own Blood.
Requirements— Haemoglobinometer and N/10 HCL
Procedure—(1) Prick the finger as described earlier, discard the first drop and suck

the blood in the pipette upto 0°2 ml. mark. | o
Transfer the blood into the carefully cleaned haemoglobinometer tube containing small

amount of N/10 HCl.

Add N/10 HCI again drop by drop into the tube and constantly maich the ccrlnrJ_r of
the mixture with the colour of adjacent tubes of either side of the instrument. Continue
this until the colour of the mixture exactly matched with the standard colour,

Find out the end point. It may be found out by noting the point where the colour of
the solution hecomes lighter on addition of very mext drop. Take more than one
reading to avoid error, The amount of haemoglebin in the aboye experiment cOMES
to 14°5 gm. By addition of N[10 HCI, a definite quantity of haemoglobin is converted

into acid Haematin.
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Fig. 11-5. Cwer's Haldane Haigmomeler,

EXPERIMENT 4
Object—Preparation of Haemin Crystals.

Procedure—(Hacmin crystals may be prepared from your own blood).

Wash your hands with the soap, clean the middle
ﬁngcr with the rectified spirit and allow it to dry in
the air.

Prick this cleaned finger with the sterilized necdle
smartly and take a drop of blood on the clean slide.
Allow the blood to dry completely.

Put a drop of glacial acetic acid and dry the slide
over the Bunsen’s burner or spirit lamp.

Cool the slide and examine it under microscope.
Observation—Steel grey small Hacmin crystals are
seen in large numbers, The blood drop with glacial
acelic acid forms acid haematin which on heating
forms Haemin crystals.

Fig. !lrlﬁ- Hiemin erystals,
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Chromatography

Chromatography, in modern era, forms important tool for the detection of aming
acids, amines, proteins, carbohydrates, aliphatic acids, steroids, bile salts, cardiac glycosides,
purines, pyrimidines, phenols, aromatic acids, indole compounds, porphyrines, pigments,
antibiotics, enzymes, vitamins, pesticides, polymers, detergents and miscellancous
organic substances.

The term “chromatography™ (Gk., to write in colours) was first coined by Michael
Tswere (1906), a Russian botanist. He uged a column of calcium carbonate to separate the
components of & petroleum ether, chlorophyll extract. Michael described his results by saying
that *“the pigments according to the adsorption sequence are resolved into variously coloured
zones—such a preparation I term a chromatogram and the corresponding method, the
chromatographic methods”, According to him, the method may be applicable to other coloured

and colourless substances.

The great popularity of the present day chromatography is due to Martin, Consden,
Gordon, Synge (1941), Neubaoar (1938), Weil and Williams (1931).

Neubaur (1938) separated ncutral amino acids and observed that the partition
coefficients of acetylated amino acids between water and immiscible organic solvent differed
for various amioo acids, Martin and Syage (1941) made a forty-plate apparatus for the
continuous separation of acetylated amino acids, In order to simplify the above procedure
they used inert support silica gel to hold one of the phases (water), and to pass immiscible
solvent through a bed of water-containing silica gel, In order to eliminate the preparation of
silica gel, Martin and Consden (1944) replaced silica gel by filter paper as the 1nert support.
By the use of filter paper the acetylation of amino acids was not necessary and they could
now be detected directly on the paper by the treatment with ainfipdrin.

The method of paper partition chromatography consists in applying a small drop of
solution containing substances to be separated to a strip of filter paper, a short distance from
one end. The drop is allowed to dry and the end of the paper, nearest to the spot, is placed
in the developing solution, usually a water-containing organic solvent, so that the solvent
flows past the “spot™ by capillary action and on down the length of the paper.

For chromatography, the following few rules must be observed—

(1) The composition of the flowing solvent should be kept constant
devclopment. It is done by keeping the chromatogram in an enclosed chamber, the
space of which is saturated with the developing solvent at constant temperature.

(2) The developing solvent should move at a relatively slow rate (2-3 cm per hour). The
rate of solvent flow iz dependent on the type of paper used, on the ratio of the width of
the *‘wick™ to that of paper chromatogram, on the composition of solvent and on the
temperature of the chromatogram chamber,

(3) The choice of the solvent should be one in which the components to be separated have
a small but definite solubility. 1f the substances are too soluble, they will appear at
or near the solvent *front” of the chromatogram, If they arc too insoluble in the

througout the
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solvent, they will remain at the point of application. 1If the factors of adsorption and

ion exchange are neglected, the movement of a substance in a paper chromatogram isa

function of its solubility in the developing solvent. Thus, solvents for water soluble

substances are usually water-containing organic compounds, whereas solvents for

substances soluble in organic solvents but insoluble in water are often aqueouns solutions

of organic solvents.

In chromatography, the separation of the gradient components of a mixture isa
function of their different affinities for a stationary phase such as a solid or liquid and
their differential solubility in a4 moving phase such as liquid or gas. The main factor for the
separation of compounds is the cosfficient of distribution between the two phases. Separation
of the compounds is governed by their tendencies to distribute themselves between solution in
the liquid and absorption on the solid surface. The solid phase c¢an be paper, starch and
silica gel. The scparation during chromatography is due to continually changing equilibria
and the shuttling of molecules between the stationary and moving phase, The moving phaze
continuously carries molecules to new areas of the adsorbent where they are adsorbed. As
the new solvent reaches their places, the molecules can be released into it, and travel to
unoccupied areas where absorption can occur. The molecules extremely soluble in the
moving phase have little allinity for the adsorbent, will move faster and a to greater distance
than those having less affinity for the solvent and a greater affinity for the adsorbent.

CLASSIFICATION OF CHROMATOGRAPHIC PROCEDURE
The chromatographic procedure is classified into 3 main catagories on the basis of the
nature of the solid adsorbent or support medinm employed.
(A) Column chromatography—The bulk solids are packed into columaus,
(B) Thin-layer chromatography (TLC)—The bulk solid is applied in a thin layer to a
supporting glass or plastic plate.
(C) Paper chromatography—The solid is available as sheets such as paper.

R- VALUE

In both TLC and paper chromatography the mixture to be separated 15 applied as a
spot or a line and the chromatogram is developed. The distance travelled by a specific
substance under specific set of conditions like temperature, solvent system, direction of flow
and type of paper is characteristic and may be used to identify it. The relation of the
distance travelled by a compound to that of the solvent front is called as Rg value. According
to Morris and Morris (1964), it is defined as the “rario of the linear rate of movement of the
solute zone to the linear rate of movement of the solvent™, Rg value may be calculated by the
following formula—

R __Distance from origin travelled by compound
NG Distance of solvent from origin.

In some cases, where a mixture is suspected to contain compounds having similar or
identical Rg values, the resolution of chromatogram can be improved by developing in two
dircctions with two different solvent systems and it is called as rwo-dimensional chromato-
Zraphy. In this case, mixture 1s spotted at one corner of the paper or plate and is developed

in one direction using a given solvent. . After chromatogram is dried it is rotated 90° and
developed again in a second direction in 4 different solvent system.
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CHOICE OF FILTER PAPER
Generally Whatman MNo. 1 or Sehleicher and Schnell filter papers are taken, A study
of the suitability of various grades and types of filter paper for the separation of amino acids
by different solvents resulted in the following classification of the filter papers.
(1) Degree and clarily of separations.
(2) Diffuseness of spots.
(3] Degree of formation of stains or streaks, presumably caused by the impuritics in
the paper.
{4) Extent of formation of tails or zones other than amino acids, giving colour reactions
with ninhydrin,
{5) Deviation from vertical movement.
(6) Rate of movement of solvent front.

I. PAPER CHROMATOGRAPHY FOR AMINO ACIDS, AMINES AND
PEPTIDES
(A) Solvents (For Amino Acids)

Out of several solvents employed for the separation of amino acids and peptides, the
following four are the most useful :

(1) Phenol—100 milliliters of metal-free water is dissolved in 400 ml. of liquid phenol
and 25-50 mg. of 8-hvdroxyquinoline is also added. The solvent may be stored in a dark
bottle in the refrigerator. Before using, shake well and gently warm. The relative distance
(Re } travelled by the more basic amino acids, arginine, lysine, ornithine, hydroxylysine in
phenol is influenced by the pH of the developing medium.

{2) Luitidine-ethanol—This solvent is made by mixing 55 ml. of 2, 6-luitidine, 25 ml.
of ethanol, 20 ml. of water 2and 2 ml, of diethylamine. This solvent is completely miscible.

(3) Luitidine—collidine—It is made by mixing 2. 6-lutidine, 2, 4, 6-collidine and
water (1 part each).

(4) Butanol-acetic acid—This solvent is made by adding 60 ml. of glacial acetic acid
o 500 ml. of a [reshly shaken mixture of equal volumes of water and n-butanol. Two layers
are formed. The Upper Ia:,reg i used as the moving thlst. The following speeific reagents
are described for some amino acids.

(1) Arginine—xz-naphthol-hypochlorite reaction, The chromatograms are sprayed with
01 per cent solution of s—naphthol in 1N MaOH. After drying, paper is sprayed with
MNaCiQ. Arginine appears as a red spot.

(2) Cystine—The paper is dipped into 1 per cent of NayS0, and partly dried in air, The
damp chromatogram is treated with Folin's phospho-18-tungstic acid and the reagent
is made alkaline with NaHCO,. Cysteine and other reducing substances give a deep
blue colour.

(3) Citrulline—This amino acid is near glutamine on two-dimensional chromatograms and
is best detected by spraying with 1 per cent solution of p-dimethylaminobenzaldehyde
in 1N HCI. It gives a vellow spot,

(4) Glycine—Glycing, histidine and tryptophan
Zimmerman's o-ophthaldialdehyde reagent.

(5) Ornithine—Ornithine and glutamic acid have been reported to give three and four
spots on butanol-acid chromatograms after acid hydrolysis.

(B) Separation of Free Amino Acids and Peptides in Tissues

For detecting free amino acids and peptides in plant of animal tissues, other consti-
tuents may be removed as far as possible. Dialysis or precipitation with trichloroacetic acid,

give a colour when sprayed with



Chromatograply BT L

tungstic acid, ferric hydroxide, zinc sulfate, barium hydroxide at pH 7°2-7'6, perchloric acid,
acetone and cthanol i3 done. Grind the tissues with sufficient absolute ethanal in a blender,

so that the final concentration of alcohol is 80 per cent by volume,

The insoluble material is

removed by filtration and washed with 80 per cent ethanol.

(2)

(3)

Fig. 12-1, Chromatography chamber.

CLASS EXERCISE FOR AMINO ACIDS (Plate 1)

Objoct—Detection of Amino Acids by Two-dimensional

Paper Chromatography
Requirements—Chromatography chamber, ethyl aleohol, phenol, water imbibed seeds
or animal tissue, butanol, placial acetic acid, water, ninhydrin, spray agent, capillary
tubes, staples and stapler, spraying apparatus (atomizer), pistol mortom, conical flasks
(100 ml1), pencil, Whatman MNo. 1 paper, glass rod, spirit lamp or Bunsen’s flame.
Procedure-—(1) Clean the pistol-mortom. Grind:10 gm. of animal tissue or germi-
nating seeds in 30 ml. of absclute ethyl alcohel. Grinding may be done in a blender
also. Filter and evaporate the filterate 1o dryness. Redissolve the evaporated filtrate
solid in double distilled water to make up the volume of extract to nearly 2 ml, For
class students and for beginners, mixture of known amino acids may be preferred as
described above. Glycine, aspartic acid, phenylalanine, tyrozsine and tryptophane may
be taken.
Take glass-walled chromatography chamber. In one chamber fill phenol and in the
other n-butanol-acetic water solvent (3: 1 : 1) and keep the level of the solvent half
an inch above the bottom of the chamber.
Cut Whatman No. 1 filter paper into strips according to the size of the chromatography
chamber. Mark a small circle on the cut strips by pencil about 1 inch from the
bottom and 2 inches from the left hand edge. Apply a small amount of extract on the
p:n:il-markl:ﬂ circle by glass rod. Hang the chromatogram with extract dot at the
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Fig. 12-2, Two-dimensional chromatography,
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base and allow the extract to become dry. Dip the paper edge in the solvent, keeping
the pencil mark above the solvent. Close the chamber, make it airtight and permit
16-18 hours to develop the chromatogram,

(4) Remove the chromatogram and let it become dry marking the position of the solvent.
Turn the paper 90°, place the paper in this direction in another chamber containing
solvent or n-butanol-acetic acid water. Let the chromatogram develop for 10-12
hours in chromatography chamber, Remove the paper and spray uniformly with
0.1 per cent ninhydrin (0.1 gm of ninhydrin mized in 100 ml saturated n-butanol
water). Heat the paper at 90°C for 2-5 minutes. Circle the spots with pencil.

(5) Calculate the Rg value and compare it with standardised values. Different colours are
given by different amino acids,

Ry Values for Certain Amino Acids in Different Solvents
(After Block, Durrum and Zweig— Paper Chromajography).

s Solvenis
Amino ac Acetone-urea) 1, B T - —
water | "acidmater | colidin watce | Phevol water | P5idne cthanol
1. az-Alanine 034 — 028 0.60 0.54
2. m-Ajanine — 0.37 0.22 0.66 R
3. Argining 0.34 —~- 0.17 0.89 0.31
4. Aspartic acid 0.18 — 0.21 0.1% 0.43
5. Cystine 016 = . i o
6. Glutamic acid 0.18 — 0.20 0,31 0.48
7. Giycine 0.21 — 012 0.12 =
8, Histidine 0.25 = 0,27 0.69 0.43 ‘
9, TIsoleucine 0.59 — 0.54 0.84 0.66
10. Lysine 0.25 — 011 0.81 L
11. Methionine 0,55 — 0.42 0.81 0.66
12. Proline 0.56 — 0.28 .58 0.56
13. Ornithine 0,565 - 011 0.79 —
14. Serine 0.20 — 0.28 .36 0.51
15. Phenyvialanineg 0.63 —_ 048 0B85 0 G6

Il. PAPER CHROMATOGRAPHY FOR CARBOHYDRATES

One- and two-dimensional paper chromatography makes it possible to separate
various sugars. Polysaccharides may be hydrolvzed and hydrolyzates may be treated like
other simple sugar mixtures. The quantitative evaluation of the sugar chromatographs can
be achieved by a visual or photoclectric comparison of the optical density of the
coloured spots.

Choice of the filter paper—Generally Whatman No. 1 filter paper is preferred but
Schleicher and Schnell Mo, 589 and white ribbon may also be used.

Solvents—For chromatographic development of sugars, ascorbic acid and related
substances, the following solvents must be specially treated to retard the decomposition of
ascorbie acid by heavy metal ions present in the paper or solvents :

(1) 60 milliliters of n-butanol is shaken with 40 ml. of water and an excess of oxalic acid.

The mixture is allowed to settle in a separatory funnel. Use upper layer.

(2) Dissolve 50 gm. of phenol crystals in 10 mi. of charcoal-filtered water and add excess
of oxalic acid. The mixture is allowed to settle in a separatory funnel and use lower
layer. For further refinement, the filter paper is washed prior to solvent development

with 2 per cent oxalic acid,



Chromatograpity [ U7

(3) The presence of inorganic salts MNa, 50, Na,PO, often produces artifacts and
retardation of spots with basic solvents. However, the solyents TL-pTﬂPﬂﬂﬂ“Eﬂ"Fl
acetate - water (7 : 1 : 2) gives excellent result for sugat chromatography. .
(4) For two-dimensional separation of many simple SUZATE, phosphorylated SUEATE: oFganic
acids, the following solvent pair is recommended *
{a) First direction—Ligquid phenol water (100 : 20), The mixture is ncutralized 10
pH 3-6.
(b) Second direction—(A) Butanol water, (B Propionic acid walek. Just before UsC
mix equal volumes of A and B and warm slightly to form 2 single phase sulyent:
(5) The following pair may he used for two-dimensional yscending chromatography ¢
(a) First direction—n-Butanol : pyridine : water (3 02 1'5)
(L) Second divection—Phenol saturated with ammonical water and <mall ameunt of
g-quinolinol.
(6) For the separation of SUCTOSE, glucose, fructose and sarbitol the follpwing golvents are
recommended :
(ay First direction—Benzene : n-butanol - pyridine : water (1:5:3:3
(h) Second direction—Amyl alcohol = pyridine : waler (1+1:53).

R: Values of Some Sugars (After Block)

Solvent 5ystems
Sugars “WWater-saturated 5 -Butanol : aclic o-Butano] : aeekic
II phenol + "lfn’;‘ﬁi:;“‘fd | ackd : water neld © water

Sr s Gl ORI LI S NH, | | (Descending) ) Srpeeeniely
D-Glucose 0.3% 039 18 043
D-Galaclose .44 0.34 (016 041
- M annose .45 0,46 0.20 e
D-Fructose 0.5l (.42 0.23 3,48
D-Xylose 0,44 0,50 0 28 043
Laclose 0,38 0,24 0 033
SUCrose 01,39 0,40 .14 0,39
waltose 0,36 0,32 Qb —

D-Deanyriboss 0.73 060 - —

CLASS EXERCISE OF SUGAR CHROMATOGRAPHY

Object—Separation of Sugars by Paper Chromatography
Requirements—Some unknown 1 per cent sugar solutions (preferubly from some
plant extract), 1 per cent calutions of gluoose, fructose, rhamnose, SUCTOSE, prabinose, ribose
and palactosc, solvent 1 (t=butanol ; glaeial acetic acid @ water, 4.1 1—300 ml.), solvent 11
(phenol ¢ waler, 41 1—30 ml.), spray agent p-anisidine, 2 chromatography jars (10 by 18
inches) with ground glass lids, Erease, oven maimained a1 80°C, chromatography paper
Whatman No. 1, pencil, ruler, scissars, micropipette and atomizer or ather SPray device.
Procedure—(1) The chromatography jars should be made airtight.  Apply @ litlle
grease over the mounth rim of the jar. Mark the jars A and B. Keep soivent 1 in a7 A and
golvent 11 in jar B. Each sar should contain one half inch of the salvents. Coverthe jars
and allow the internal atmosphere to equilibrate for several hours before the wse.
(2) Cul 2 strips of Whatman No, | chromatorraphy paper, according 1o the e SF Ak
chromatography jar. The papers should be cul carefully, avoiding any comiact with
fingers or other substances which might contribute interfering chemicals. ]
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(3)

(4)
(3)

(&)

(7)
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Lay two cut strips of paper on a clean surface with long axis parallel to the table cdge.
Draw a pencil line two inches above the edge of one of the long sides. Make a series
of pencil dots at one inch intervals along the line and label these dots as fructose,
glucose, sucrose, arabinose, ribose and rhamnose. The two papers or strips should be
duplicate which will be kept into separate solvents.

Arrange the sheets to overlap a support such as a glass tube or meter stick in such a
way that the pencil spots are raised above the surface of the table.

Apply intermittently 3 micromilliliter of sugar solutions on the appropriate spot and
allow them to become dry,

Now staple the dry sheets separately in such a way as to form a cylinder and this
chromatogram may be allowed to develop in solvent 1 and Il separately for 10-12
hours, Cover the jars and leave the chromatogram until the solvent front approaches
the upper edge of the paper.

After development, mark the solvent front and hang the papers to dry, When dry,
spray the papers with p-anisidine reagenl with atomizer and keep the chromatogramsin
80°C maintained oven for 3 minutes. Circle the resulting spots with pencil and note
the colour, Calculate the Re values of each sugar and compare with standard values.
Make a table showing results.

Table Showing Resuit of Ascending Paper Chromatography
of Known Suagars,/(Unknown Sugars)

Compound Rr value in solvent I—eolowr Re valuc in solvent Il—colour

P Tk ke

Glucoss
Froctosc

R hamnose
Ardabinose
Sucrose
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